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PREFACE 


Ik spite of the fact that practically at every point the modem papemiaking industry 
is dependent in a very essential degree upon the art of the engineer, the English 
technical literature dealing with the industry is distinctly deficient in its treatment 
of the matter from the engineering point of view. The chemist interested in paper- 
making is amply served in the way of technical literature, but the engineer, uiran 
whom, without egotism, we may claim at least as much responsibility falls as upon 
the chemist, has hitherto been almost wholly unprovided with anything in the shape 
of a general treatise upon the industry written from his own point of view and for 
his especial benefit. 

No doubt a desire for secrecy on the part of the manufacturers of papermaking 
machinery may be set down as one of the chief reasons for the existence of this state 
of affairs. However it may be, the fact remains that in the earlier period of the war. 
The Engineer, on the editorial staff of winch the author has the honour and pleasure 
of serving, ‘succecilcd in persuading most of the leading British paper machinery 
makers to place at its readers’ disposal a great deal of valuable information and 
numerous drawings and other illustrations representing their established and current 
practice. The outcome was a aeries of articles—“ Paper Making and its Machinery ” 
—which appeared in The Engineer between the dates October 1st and December 31st, 
1915. Subsequently that series was rounded off and rendered more complete by 
five articles devoted to “ The Art of Coating Paper ”—^August 25th to September 29th, 
1916—^in which information was given concerning the coating of art paper, a highly 
important port of the papermaker’s work, and the cognate subject, the coating of 
photograplilc pai>er. It may perhaps be remarked here that this was the first occasion 
upon which information concerning the methods employed in tile commercial coating 
of photographic paper had been published anywhere, and that as regards the coating 
of art paper the particulars given of the methods and machinery used were much 
fuller than those previously available. In the chapters that follow these two series 
of articles are combined to form what it is hoped will Ite found by paper machinery 
makers and users a satisfactory and substantially complete account of the engineering 
aspects of the modern papermaking industry. 

A large measure of thanks is due to all those firms who supplied the information 
and illustrations upon which the two series were founded, and to the proprietors 
and managers of the Daily Telegraph and other mills who afforded opportunities 
for the author to study many of the actual machines described in the text, under 
working conditions. 

T. W. C. 

London, Oeltdter, 1910. 
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CHAPTEK I 


m’RODUCTORY 

'I’liK lift of nittkiiif; pjvpor as {u-aclisotl to-flay is oiu> in wliu-h tin' engineer and Uie 
chemist work side by side and iiave equal i-esponsilnlity. Jn the following chaj>ters 
we propose to deal with the oonstruotio!) and opej-ation of the maehim'S employed by 
the paperniaker as snppliwl by British builders, that is to say, primarily with the 
engineering aspeets of tlie art. But it woidd bc' (piite iinj)ossible to do so if we were 
eomj)elled to exeliide all refer*‘nee lo the ehemieal aspisjts, so that in effcHit otir work 
will eovei’ jiraetically the whoht field of papenuaking practice and should give the 
mwler a gowl idea tiot only of the machines cmjJoyeci but of the various proc<-sses 
fhrough wliich tlie raw jiiateiial ])asses from the time if. enf<!rs f he mill until if hwes 
as tlu' finished j)roduct. 

It is very dillieult indeed to defiiu; wluit pa])er is. One of th<‘ b(!st (h'finitious yet 
j»ropos(Hl deserilH's it as " an atpieoiis depcjsit of vegetable fibre!.” This gives a clear 
idea of th(‘ fundamental proecs.-! involved, namely, the deposition of fibrous matter, 
previously suspended meelianically in water, aiul its “ felting ” together in the form 
of a continuous sheet. The definition fails, howcvi'r, because v»‘getable matter, while 
em]>loycd to a wholly pret>onderating extemt, might be quite absmit and yet th<! sub- 
btaiiee could rt'asonably be called pajier. A inon* serious objection to the definition is 
to 111 ' found in the fiM't fihat it covers only th<! mechanical aspects of )M{>ermaking. 
Strictly s[)eaking, the substance cniit*>mplated in the dctiiution would 1 h!. almost useless 
for nearly every jmrpose for which jiaper is to day emjiloyed. Notably would it be 
so fok writing and jirinting ujion. 'I’o confer on it certain of its valuable pro|x>i-tie8 
tin" chemist must tak<! it in hand -actually' he works on it simultaneously' with the 
engineer - and adil to it ct'rtain mineral and other Kubstanees such as ciiina clay, starch, 
alum and resin, not to mention various blciuiiing and colouring niagents. Thesi* 
matc'rials fill up the interstices between the fibres, toughen the isillulose of w'hieh they 
iwe composcxl, ” size ” the papier so as to render it kindly' to the jien, remove its 
objectiotuiiblu tmge and alter it to a pleasing one. .'\11 these benefits arc (dearly of 
Huflicient importance to merit mioguition in the definition. 

Having thus cleared the ground as to what pafwr is, we should properly touch upon 
the lustory of its manufacture. Tliis is a subject, however, so controversial in many 
of its dt'tails and dates that we feel some dubiety about the wisdom of presenting even 
the following brief outline of it. 

Papyi'us. parchment and vellum not being admissible as pajKtr, we have, according 
to the best authorities, to go to China to discover the earliest known traces of the 
manufacture of true paper, that is, of a felted aqueous deposit of fibrous material. 
Somewhere about 750 a.d. the Arabs acquired the art from the ('hinese and introduced 
improvements into it. Thus, by the end of the eighth century the Arabs wore employ¬ 
ing linen rag as ahnost the sole basis of their paper, and had learnt to load and size 
it with starch. From the Arabs, through the Moors, the art was introduced in the 
eleven*;h century into Spain, whence it sjiread into Italy, Franco and the Netherlands, 
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and later on into Germany. Ki>r many j’earH this country had to siipplj' its needs by 
importing its |ia)>er from the Continent, and not until 1495 is there any evidence that 
the itulustry was being pntetised within our shores. About that year one John Tate 
wt up a mill at Stevenage, H«Tts. Others took it up slowly, but until the Revocation 
of th(f Hkliet of Nantes in 1085 w<! still depended almost entirely on the continental 
sources of supply. About ten years ludon- this date, it is interesting V) note, the mills 
at WolvercoU’, Oxford, were establishtxl, an<l at the pivsent day these miUs are still 
manufaetining the well-known Oxford India paper. With the incoming of the Hugue¬ 
nots the art of ]»a{M*rmaking. like so many others in this eouiitiy, received much 
stimulus, and from then onwards its development followed along onlinary lines. 

In 1725 a monop<dy was granted to l)e Portal, of the Lavewtoke mills in Hamp¬ 
shire, for the nianufattture of paper for Rank of England notes. Messrs. Portal of 
to-day still make tliis paper, in 17.‘19 it was officially rworded that there w'ere 278 
|>a}H>r miUs at w'ork in England manufacturing on the average about ten reams per 
day each. In the same year dames Whatman established a mill at Roxley, Maidstone, 
and introduced considerabk; improvements into the industrj-. His name is still 
associated with a certain class of paper beloved especially by water-colour artists. 

All this time the paper manufactured was w'hat is called ‘‘ hand made,” that is to 
say, th(‘ deposition of the fibrous material from its aqueous state was carried out on 
a w'iri> fi'aine or strainer nianipuhtted by the worker. No little skill was required 
for this operation, but as the frame or mould could be shakwi iti all directions, the 
result, if the process was skilfully condiiohxl, was a })aper in which the felted fibres 
crossed oiu- another at all angles. It' is to this circumstance that hand-made pajter owes 
its many sujierior properties, for in machine-made paper the action, as we shall see, 
encourages the fibrrss to lay themselves all in one direction. Nevertheless, hand-maile 
paper could not be nrade in anything but sheets of strictly limited size. Such a thing 
as a roll of paper four to five mUos or so in length ns employed by the daily and other 
j)ress of to-day was inconceivable. Inspiml probably l)y t he pending developments 
of the printing machine, efforts were mtulc towards the end of the eighttwith eentuiy 
t o surmount the limitatirms of size imposed by the uso of a hand moukl and to devise 
a machine that would turn out paper in sheets or rolls of practically unlimited length. 
The earliest of these elTorts was, av<( behove, made in France, and met with something 
like success after much exporuiienlation. Rut it was in England that the idea was 
reducixl to a commercial basis. 

The name of Messrs. Founlrinier. wholesale stationers, of London, will always be 
rtmiembeml in this connection. From the idea as communicated to them from France 
they sot to work at Rermondscy, and with the assistance of Mr. Rryan Donkin in 1803 
turned out and installed a really practical machine. Many difficulties had to be over¬ 
come and much money spent on niaking improvements, but by 1810 success was 
assured. Ry 1851. the year of the Exhibition in Hyde Park, the Rermondsey works 
had turned out a total of 190 machities. 

We will not attempt to trace the historical development of the many subsidiary 
machines employed by the papermaker. These date some from before the invention 
of f ho papermaking macliiue proper and some from after. All have been very consider¬ 
ably developed since the early years of the nineteenth century'. 

Rackward at first in the art of making paper, this country, as in so many other 
instances, has in time acquired one of the foremost places in the industry. Her 
engineers, too,- have advanced with the times, and to-day the papermaking machinery 
<if all types which they tum'out has a world-wide reputation. We have been unable 
to obtain any satisfactory figures revealing the position occupied by our engineers 
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in th« world's markets for papermaking macdiinery. But if wo may sup))os(« that it 
is much the same as the position occupied by our paper nianufacturors—and there 
is some reason in thus supposing -then we may say tliat while our machinery is in 
good demand abroad wc have had powerful rivals in Germany. Statistics show that 
in 1912 Germany exported to all destinations pajwr, pasteboard and cardboard 
valued at five and a (piarter million pounds, while our exports- -in 1913—weits valuerl 
at just about one half of that amount. Austria-Hungary in this depaidimtutt was by 
no means a rival to ignore, her 1913 exj>oi“ts being retiinuxl as something over a 
million pounds. In her case, how'ever. we may doubt if this implies a proportionate 
share of the paper machinery trade. .As is well known, Germany before the war 
supplied a very considerable share of the ]>a[>er, &c., used in this countrJ^ Thus, in 
1912, her exports to us reachwl in value to moiis than one and a quarter millions. 
Our exports to her in return were almost insignificant. 

Before taking up the description of British-made papermakiiig machinerj' it will 
be of assistance if we briefly ix'view the entire process of papemrakiug from start to 
finish. From the' outset it. should be made clear that papermaking divides itself 
naturally into two broad stages, namely, the preparation of the pulp—that is, of the 
aqueous stiitT containing the disintegrated filirous material—and the conversion of 
this pidp into dry sheets of paper. Usually the ]>r(Kluct at the end of the second 
stag!! is ready for the market, but in some caw^s a certain amount ()f after tivatment 
is accor(hxi it. 

I'he raw material employetl by the papermaker, in all but a few instances not 
worth mentioning, may be described generically as ecllulos«‘. Chemically <!onsidei-ed, 
cellulose is a carbo-hydrate having the empirical fonnuhi C,H,oU|i. J’hysiologically 
it is the lufiin jn’^luct of vegetable life and when isolatwl is prt'sented to us mainly 
in the form of thick or tliin-walli'd flattened tubes. It is to this form that we owe 
its “ felting '■ properties, but its chemical nature is also of first importance to the 
papermaker. Not oidy is it quite insoluble in water, but it is very nt'arly imjiassive 
to oxidising influences ami is extremely jwistant to alkalies. Without these 
chemical properties the substance could not b»! made into j)aper, at least as we 
know it. 

The quantity of cellulose contained in vegel.abl<! fibre varies vith the source from 
which the fibre is obtained, (tf all sources t hat of ciotton contains the biggest per¬ 
centage of W'llulose. Cotton fibi-c; contains about 9t) per c(>nt. of cellulos<-, 7 or 8 per 
cent, of water. ()-4 per cent, of wax and oil, tt'ti per cent, of nitrogenous matter, and 
about 1 per cent, of mineral ash. Flax comes next with about 82 per cent, of 
cellulose. The wood of the pine tree is some distance down the list with .'57 jssr 
cent., while bambm), esparto grass, and straw aiv still lower with from 49 to 48 per 
cent. Nor is the cellulose always of the same chemical fomiation. The <M!llulo)it( 
of cotton, flax, and hemp corresponds in composition with the chemical formida 
given above, but the cellulose of jute, straw, esparto, and so oil may vary I or 2 
per cent, as regards the quantity of each constituent. The former is true cellulose; 
the latter may lie wgarded as partially hydrated cellulose. 

It may bo remarked in passing that colluloso, the basis of paper, is also the basis 
of many another industrial product, and that its chemistry is comieotcd with ono of 
the most interesting chapters in the whole fickl of technology. Apparently it is 
nothing more than six atoms of carbon associated with five molecules of water. Yet 
treat it with nitric acid and we get the chief constituent of gun-cotton. Add camphor 
to the above iiitro-cellulose and celluloid is obtained. Treat cellulose with mineral 
acids -jul dextrose!, or glucose as it is called commercially, may bo formed. Dissolve 
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nitratwl cellul<»Hc in alcohol and ether. The oolution squirtetl tltrough fine holea 
evaporatofi quickly and aolidifies into threads of artificial silk. Shake a mixture of 
cellulose and caustic soda with carbon bisulphide in a closed Tessel. A substance is 
j»rodueerl called viscow', which, if allowed to coagulate, forms a hard mass that can 
be tiirncsl and polished, or if spread on glass coagulates in the form of a tough trans¬ 
parent film. 

Paps'rmaking. however, onee the cellulose has been extracted from the raw material, 
is a nieehani(!iil rather than a sjhemical process- that is to say, it d«H‘s not seek to change 
the elieiiiicul nutun) of the raw cellulose, but preserves it as such in the finished product. 

For many years cotton an<l linen rags, whether collected as the waste of textile 
mills or from more donmstic sources, foriniid the principal raw material of the paper- 
making industry, and for high-class writing and printing paper such rags are still 
in demand. Rags, it may be pointed out, are pnifcrred to raw cotton or linen, not 
only because they are cofisiderably chciaper. but becansti the material, having been 
spun and woven, yields a much lK*tter papc'r than the raw stuff. In 1860 esparto gi-ass 
obtained fr.im Spain and North Africa was introduced by Mr. Thomas Routlcdgo 
as a raw matt'rial, and has ever since been iiscsl very extensively for high-class printing 
and medium quality writing paper. It has many valuable properties and gives a 
printing j)aper possessing a gocsl surfwo combined uith flexibility and softness. 
jVboul the ssniie date straw as a raw material l)egan <:<• Im used extensively for the 
production of news and other printing paper not of a high-elass (piality. It is still so 
used as w»-ll as laung convertccl into box, <!ard, and straw boairl. Later on, about 
1870, wood pulp obtained from Norway, NwixU'ii, C'amuia, or the Slates came into 
very extensive favour for the ])roduction of cheap pa}K*rs for writing and printing, 
and to-tlay is almost universally employed by our neAvspapei-s. Flax in the form of 
wasU' from the s})inning mills, lu'mp in the form of nffiise. old rope, saikdoth. &c., 
and jute waste ajrd old bags provide anotlu-r class of raw material used principally 
for the mamifacd'iire of wrapping paper. 

With the exception of the w<mk1 pulp, which is ivceivcxl at the mills in a condition 
almost H'ady for the pa)iermuking machine |)roj)er, all these mat<‘rials have to be j»as«'d 
through four distinct jwoeesst^s befor«! tiny j-eatih the ptdp stage. Tlmse prowsses 
are known as cleaning, lK>iling, bleaching, and boating. The matihiiu'S employed in 
tlumi differ somewhat iu-oorduig to tlm nature of the matcnal being treated and 
will bc! fidly (h'ScrilsKl in later cha))ters. In the fii-st process an attempt is made to 
remove by mechanical means all adventitious fonugn matter, snch us sand, dirt, 
buttons, hooks and ej'os, &e., from the raw material. 'I'he sccoiid proctjss is, pro- 
]K‘rly speaking, a chemical one. It (insists in digesting the cleaned material in an 
aqinsuis solution of caustic soda, the Innling being done under prcssuiv. Caustic 
scsla. as we have already said, has no action on ccUulose, at least in the strength in 
.wliieli it is hert> employed, but it attacks the non-fibrons parts of the raw material, 
the oil. wax. &e., and also any grease or dirt, still adhering to it, and converts these 
substances into soluble, compounds. The result is that the material is broken up, 
ns it were, and the long thin cells ttre more or less completely separated from om) 
another. The boiling prootiss is not simply a method of completing the cleaning of 
the raw material. It should bo regarded plulosophically as a chemical means of 
splitting it up and isolating its cellulose. 

The disintegrated stuff having btien carefully washed to free it of the alkaline 
liquor, is next bleached in a solution of calcium hypochlorite—^bleaching powder— 
or in a solution of sodium hypochlorite obtained eleotreljiiically from common salt. 
The material is again washed and purified aiul is frequently concentrated before being 
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passed on to the beating engine wherein tlie fourth stage is ooniplotod. The object 
of this beating process is to break the individual cells into fragnients about five or 
six-hundredths of an inch in length and to complete the separation of the fibres begun 
during the boiling operations. In the ease of esparto grass, straw, &c., the natural 
length of the fibres is very near the figure re(piir»xl, but in flax and cotton the fibres 
may have lengths of as much as ly*,, in. The beating has therefore to bo much more 
drastic with the latter than with the former. During the beating operations it is 
customary to add any loading, sizing, and colouring materials to tlio pulp that may 
be required. 

The pulp is now ivady to be made into jiajHfr. We will not attempt at this stage 
to desoribo a modern paperinaking machine, but it will assist us to do so later if we 
indicate! now the manner in which the pulp is converti'd into paper by the old-fashioned 
haiul method. 

The juilj), considerably diluted with water, is first nin from the storage chests 
t.hrough a scn-cn or siev<‘ for the jnirjioso of removing any foraigu material or any of 
the fibres which may not hav<i bc(>n sufficiently mluccd in size. Thence it is |>assed into 
a vat. The next process is one inquiring great skill on the part of the operatm', tht! 
vatinan. as he is called. The hand mould wliieh he employs consists of a rectangular 
w«M)tlcn frame, across which wire cloth is tightly stretched, and a second, but open, 
frame called a “ deckle ” fitting on to tJie first and forming the «xlges of the mould. 
This tray is diiqHxl by the vatman into the pulp and is withdrawn with just that 
amount of material on it that will give the requiml thickness of jiapcr. As tiu- water 
of the pulp drains through t he wire cloth the vatman shake's the mould Literally 
ami causes the fibres to " felt ” together at all angles to one another. 

The d*!ckle is then rainoved and the mould passed across to a st'cond workman 
known as the coucher, who transfers the wet sheet of pa[K'r on t») a piece of felt. 
When a pik* of sucdi felts and sheets has been aocumulated it is transferred to a j»i'ess, 
where the surplus water is squeezwl out and the paper compmssed and closed up. 
Tlieraafter the felts may bo ivnioved and the sheets piled by themselves and subjecterl 
to a further pressing wdth the idea of caiising the irregidorities of one sheet to oblifrrato 
<hose of another. The sheets are then hung up to diy in a suitable room. 

The pulp used for luind-made pajwr is not usually sized beforehand. The sizing 
is accomplished by dipping the dried sheets into tubs containirig a solution of gelatine 
and alum. This converts the paper from an absorbent material that will ivadily 
suck up water into a substance more or less as w'e know' it when finished. The shcete 
having been dried are glazed or “ calemlercfl,” wheieby the dull rough surface is 
changed to one that is moi-e or less highly polished and smooth. One method of 
effecting this is to pass a pile of sheets each separated by n zinc, or copix'r polished 
plate, through a heavy pair of rolls. The greater the pressure applied and the mom 
thoroughly the rolling is curried out the higher will be the polish. The surface may 
be still further eidianced by heating the metal plates. This calemlering process is 
not employed solefy for the sake of the impn)ved surfaci! wliioh it gives the pajjer. 
Daring the rolling the fibres are compressed afjd the material is consolidated so that 
its thiokncfw may bo reduotd by very nearly a half. This greatly improves the paper 
in every way, notably increasing its tensile strength. If carried too far', how'evor, 
it makes the paper brittle and liable to crack when handled. 

After calendering the paper is ready for the market. 
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CUTTING, CLEANIN(4, AND liOIUlNG 


W'lTii iJlis fJiiiptcr w<> conitiienitt* tho dfnoription jji-oiKT of oertiMn typical Dritish- 
iiKvlc iiiiMiliiucs used in the art of ])apcmiaking. Wc have not found it an caKy matter 
to make onr Kelection, for pa|K'rinaking is mich a vast siibji*ct and the macliinory 
»'mploy«‘d Jn it is so varh'd that it is qiiiW im})ossible in a work such os the prefsont 
to cover or even mention every i-camification. No two j)aper mills follow exactly the 
same 7)H‘t]iods of producing ])aper oven from the same raw matwifd, ami if the 
departure is at all great the plant used will Ih; spe<nally desigtvod for tJie null and 
M’ill not be foim<l anywhere cls«“. 

On the oilier hand, there are many staudanl tyiK*s of different macliintTS which 
are mamifaetuml with little variation, or none, by nearly every paper maeliinery 
('iigiueer in the country'. 'I’his fact should be borne in mind, for we desm- to avoid 
creating the impression that this book may be taken as a guide to what such and 
such a maker nanu'd herein dws and does not make. We ladievi' we are right in 
saying that with the exception of one of the firms on our list, which specialist's very 
largely in }ndp strainers, any class of machine which is not patentotl may be obtained 
from any of the firms named in the following chaptt'rs. 

IVe hav(> endcavourtsl in our Seletition to jiay special attention to rt'cenf improve¬ 
ments in the papt'r machinery field. But in order not to appeal solely to the reader 
who already posst<sses a knowledge of papirmaking and its machinciy, wo have in¬ 
cluded descriptions of certain standard typt's of machines. The result is a more or 
h'ss ctinnectetl account of Ihe art of jiapermaking as viewed by the engineer, in which 
tlu're are. at any J'ate, but few gaps of fundamental importance. The diversity of 
]iur]iose. the many interesting ])roblems which have bc<*n and yet remain to be solved, 
and the ingenuity displayed on abiiost every hand, maki's the field of papi'nnaking 
a most entrancing one to the general engineer, aiul to him esjxieially we trust the 
dcserijitions which follow will apjx'al. 

Jn the ease of such raw matc'rials as esparto, rags, straw, &e., the earliest treat¬ 
ments in the mill are intended to clean out any adventitious foreign matter, such 
as dust, from the mats'iial and. if necessary, to rwlnoe the original stuff to such size 
as will facilitate its pmper digestion in the boiler. Certain qf thcise cleaning and 
<'Utting proctesses. particularly in the case of rags, are still frequently jMjrformed solely 
by hand. The tendency, however, is move and more towards the employment of 
machinery. , 

The lirst j)riKiess for which the eirgineer has to supply machhreTj' is the cutting 
or chopping of the selectt'd material into suitable sizes or lengths. This cutting 
))ro«'<'ss is. in ]iarticular. in uset if the raw material takes the form of linen, cotton 
or other rag, but it-is also in use for dealing with old ropes, straw and, in fact, any, 
material the natural length of which is greater than can be handled conveniently 
and with ('fficiency in the digesting boiler. We describe three machines of this 
nature. 
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In Fig. 1 wc illustrate a cutting machine made by Bertrams Limik-d, iSciennos, 
Etlinburgli.'and intended for chopping up rags, ropes, bagging and Kucliliko material. 
It consists of a lu'avy I'evolving east 
iron drum carrying tlmx! sks)! knives 
and a fixed or dead knife attached to 
the l)ed. The drum is either 4 ft. or 
f) ft. in <li»inekT and is encloMxl within 
a wooden cover. Tlie material is fwl 
l)etw«'n the revolving kniv<s and the 
dead kjiife from a table. As indicated 
in the diagram—Fig. 2 —the actual fml- 
ing is performed by a groove<l fee<ling-in 
roll driven by belt from the drum shaft. 

This ftssling-in roll is tuljustable veiti- 
oaJly either by the haml <,r the frtot 
lover shown in l<ig. 1. thus jM^rmitting 
the tliickiu'ss of makTial being cut to 
be varied. From the dead knife the cut 
material falls on to a tairvwl sh<’ct steel 
plate U'ueath the dnim and is dcliveml 
through the end of the easuig on to the 
floor bcliind th<» machine. The wowlen 
cover is shown ixiinoved in Fig. 1. Its 
obj<*et is k) j)r<went the rags and dust 
from being scattcml over the neighbour¬ 
hood. Tho drum is {Iriven at a speed 
of about 2(K) nivoliitions |M'r minuk*. Tlic liorse-j)ower absorlx'd by the machine 
is about k*n. lii a k'u hours’ day tiic output is roughly fiv<‘ tons of chopja-d rojM' 
or about eight tons of ohoppixl cotton rags. 

A mfiehine for chopping rags, known as 
Nuttall's jraicnkxl rag rsitter, and made by 
•lam<‘s Bertram and Son, Liinikd, of Edin- 
biiigli. is illiistrakHl in Fig. :i. This maohine 
is jwovided wilb two guillotine knives slid¬ 
ing in guidt's at right angles to ouch other. 
Kacli kiiifri is driven by a crank and oon- 
ne<-ting-rod. The'uncut inak-rial isdeposikxl 
on the endless felt belt shown, which eon- 
duets it to the first knife. The cut portions 
fall on to a second bi'lt within the framework 
of the machine, which carries them over k) 
the second and lower knife. The material 
is tlyis cut into pierscs which are approxi¬ 
mately square. The felt bauds are driven 
by ratchets ojx’ratwl from the ends of the 
(trank shafts. By varying the thiows of 
the ratohet cranks the sjMted of the bands 

' Tlio two Qrmti. liorlruma Limited, St. Kathcrinc'H Wurkii, Scii-iutog, Ediiibiir);li. and Jainca Bvrtrani 
and Son, Idinitod, l,ioilb.walk, Bdinburgb, sliould not be confiiaL'd wilb one another. Under the appro- 
priut'- illuBtratiooB throughout this work we use “ Horlroma’ ” to indicalc tlir former film and “ Jamea 
Beriioni’a " to indicato tlic latter 




Fn;. 1.—Bertmins’ Itag Chopper. 
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<!(vn bt! alterwl and t)ie xizo of the pieces cut regulated accordingly. The si/.c can 
Im‘ variwl from 1 in. Kcpiare npwar<ls. The output ic from 30 cwt. to 30 cwt. of cut 
rags per hour. The UHind width of the knife gap is 21 in. Ropes as well as rags can 
be cut with thi-i machine. 



.'I.—Niittiill's Haft ('utter—James Bertram. 


Por chopping straw, preparatory to boiling it, a machine resembling a strongly 
<!onstnieted ohall cutter is iistal. An example made by James Bertram and Son, 
liimited, is ilhistraterl in Fig. 4. It consists of a revolving wheel oarrjdng. fixed to 
it*( arms. IhrtH! curvwl knives ami a “dead” knife fixed horizontally to the frame. 



t H Sit.'tn t'hopiM'v. 


tliiisfrated. Both iiiv c/io.sen from the 
Edinburgh. 


The straw is fed up to the dead knife by 
means of an endless web and two toothed 
rollers. It is usual to find the straw 
cut up into pieces 1 in. to 2 in. long. 
After cutting, the knots are removed 
either by hand picking or in a separating 
macliine. 

The materiivl cut on the above machines 
and other material, such as esparto, which 
can bo dealt with without resorting to 
(nittiiig, has to be cleaned. There may 
be buttons, hook anfl eyes, &c.. adhering 
fo the rags. These are removed usually 
by liand. All the materials are probably 
charged mth dast awd awad. TVass Sa 

ehanical manner. Two examples of diisi - 
iiig maefunes, or “ willows ” as they an- 
c-alfcd, one intended principally for deaJ- 
ing with ra^ and tie other for grass, aro 
})raoti(!o of Bertrams Limited, Sdennes, 
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Tho maohiae illustrated in Figs. 5 aud 6 is intended for teasing out and dusting 
out rags, ropes, bagging, jute, &c. It is in two parts, tho teasing part—or “ willow ” 
proper—and the dusting part. The cut material is delivend on to an endless revolving 
band, and is thence fed into the willow. This consists of two rotating drums provided 
with longitudinal rails to which iron spikes are fixed. Theses spikes stagger with rows 
of stationary spikes fixed to the top of t he casing and siibjoot the material to a thorough 



Kiii. -IStTlniiiis' Willow nml Dii'ti'i', 


teasing out. The lower portion of tho willow cnsiiig is pi-ovidwl with a false' Ixitloin, 
through the slits of whiclt tho dust liberatwl during the teasing j>roeess may pass 
wJiile the rags art* held back. 

At n'gular intervals a door at the end of tho willow easing is o|X‘ned by a scif- 
msting drive to admit the matorial from the willow into tho duster. Tho latter consists 
of a wooden eashtg containing a revolving drum some 4 ft. in diameter hy 12 ft. in 



Flii. 6.—Bertrams' Williiw and Duster. 


length. The ends of the drum aro oimii and.are supjiorted on friction rtdh'rs. The 
body of the drum is formed of galvanised wire netting carried on eight longitudinal 
rails, each of which has affixed to it a serit's of iron spikes. Tho material within the 
drum is lifted and tossed about. The dust shaken from it falls through tho netting 
to the floor, and is thenc;; extracted by a fan. The dusted material, owing to the axis 
of the drum being inelinod, is gradually worked down to tho lower end. 

The two machines have separate driving gears, so that if desired they may be 
operated independently. The horee-power consumed when both are worMng wmul- 
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I'm. H.—Hertraiii'i’ t'nnioal (iniwi Duslor. 








WTTJNG, CLEANING, ANB BOILLVG 


II 


tftnoouhJy is about 12. Tlie willow drums have a speed of almut 220 revolutions per 
minute, while the duster drum revolves at about 12. An output of a ton of rags ptw 
hour eaii, we are informed, «w.sily be obtained. 

In Eig. 7 we give a view of the double-dnmimed willow separately, with the side 
covers i-emoved to show the interior arrangement. 

The machines just (lescribed can 1 m‘ modilied to make them suitable for cieaning 
straw and certain other materials. Jhit in general we may say that stiaw, esparto and 
otlusr raw matt'rials of tin' grass class are Ix'st cleaned in a conical dusUir of the typo 
shown in Eigs. S ami !). In this we have a live-sided revolving cone with closed ends, 
and jii'ovided with a row of s])ikes along e.K'h of the five edges. This cone rotates 
within a circular conical casing, carrying at the lop a row of spikes with which those 
on the drum int<>rnn‘sb. The bottom half of the casing is formed of wrought iron or 
st(!(i bars, s(> .spaced as to allow the dust but. not tlie material to fall through to the 
door beneath. 'I'lu! grass is fed into t.bc easing t.hnmgh a hopjH'r at f.ln* smaller end 
and limls its own way flown to the larger or delivery end. Ifeis' a revolving lake is 
titt'cd (o (t.arry the dusted material on to an elcvatsir or conveyor band. On each 



side ol the easing a sheet iron wall- not showni in tlu'engravings—extends from the 
eenti'c line level to the flooi'. 'I'lu'se form a chamber from which the dust is ivmoved 
by an exhaust fan. Tlu* drum nins at about. 250 revolutions. The horse-power 
icquij'cd is from .s to 10, and the onljmt from 30 ewt. to 40 ewt. of grass per 
hour. 

The cleancfl material is lu'xt boiled or digested in an alkaline solution, usually of 
eaustie soda, the jiroce^s being earried out under pressure. The amount of alkali 
solid ion used and its strength varies veiy greatly at different mills, us «1<h‘s the pres¬ 
sure. The lat ter may Ik* anyl liing from 5 lb. to 00 lb. per square inch, w'hilc the former 
may Ik* from 5 to 70 jier cent, of the weight of the raw' material. The higher tho 
pressure emjiloycd and the long(*r the dlg(‘sting process is kept up tho less solid alkali 
will Ik* requirt'd. 

'Phe ehemieal func1.it)n of the boiling process is. simply jmt, to convert all tho non- 
eclliiloso parts of the I'aw material into soluble compounds and to split up the cellulose 
part more or less tiompletely into its constituent libres by dissolving out the “ cement ” 
holding them together. The boilers employed for tho purpose are very commonly 
cither spherical or cylindrical with spherical ends, and nearly always nowadays are 
ar'*'.i>iged to bo revolved eontinuously on a horizontal axis. I’he spherical type is used 
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princi{Milly for boiling ittgs and straw. Except for its shape, it differs vwy little 
from the cylindrical type, of which an example from the practice of Bertrams Limited, 
of Edinburgh, is shown in Fig. 10. 

The shell of this boiler is made of Siemens-Martin steel, and is commonly about 8 ft. 
in diameter by about 22 ft. long on the parallel part. In the position shown in our 
engraving, we liav(' two tilling and emptying doors on the top, two blow-off cocks 
beneath and diriMitly opposite the doors, a steam inlet cock with a connecting x**P^ 
and gland at the left-hand trunnion, and a steam blow-through cook similarly affixed 
to thc< unseen right-hand trunnion. A pressure gauge and s<rfety valve are usually 
pro\dded on the stenvm connection at the left-hand trunnion. 



Kui. 10.—Brrlrwns’ Brvolviiig (.'vliridiii'al lioili-r. 


From the iidtd cook tlic stetmi is led through an intoriml malleabU' iron pipe into 
a ohanilK'r fomied over the blow-off cocks and provided with a perforated top. It 
passes thence through the fibre to the blow-through cock on the right-hand trunnion, 
the. entrance to wluoli is guarded against the passage of materifti into the exhaust 
pipe by a jH‘rforated baffle plate. During the whole ptiriod of boiling, which may last 
for from thriH* to six hours, the boiler is revolved continuously by power at the rate 
of one revolution in three minutes. The horse-power required for this purpose is not 
more than 3. When the process lias been completed, the blow-off cocks are opened 
and steam shut off. The liquor is thus discharged into a drain below the boiler, while 
the material is held back by the perforate*! baffle extending over the blow-off cocks. 
It should here be statetl that the liquor thus discharged is carefully collected and 
the soda reeovo^ from it for future use. We do not propose to describe the soda- 
i-ecovory x>lant, although wo may say that it is obtainable in this country from Ber¬ 
trams limited, and from other firms. 
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The capacity of the a!)ovo boiler for the dimenfdonc given ih sufficient for five tons 
of rags. The steam pressure recommended by Messrs. Bi>rlrams is fn»m 2(» lb. to 30 lb. 
per square inch. 

Tlio boiling of esparto grass oannot be condneted stvtisfactorily in a revolving 
boiler, for if this material is agitated to any degree the fibre is apt to form a mass 
that vill oppose the proper permeation of the caiistio soda lye. Tlie’form of boilor 
almost invariably adopted for boiling esparto grass is that known as the “ vomiting ” 
tv|X‘. In Eig. 11 the st'ction of such a boiler as made by James Bertram and Son, 
Limited, of Edinburgh, is shown. It consists of a cylindrical stwl shell with a tilling 
door at 1h<* top and an emptying door on 
one side near the foot. A perforated plate 
is fixed clos<* to the top and forms with a 
suitably flanged |>icce an annular chamber, 
from w'hich the soda lye can shower down 
on to the grass beneath. The grass rests 
on a second }M‘rforated jdate situated near 
th<! bottom. A false bottom ju.st Ixmeath 



this perforated i)late forms, as it w<‘re, a 
tray for t.he reception of the lyc! aft^-r it. has 
pass(‘d thi'ough the grass. I’wo nr morcr 
vomiting funnels, as shown in the plan, are 
attached to the inside of the shell and form 
a connection between the ti-ay at the foot 
and t he annular s])ace at the top. 

.\ suitable stand.anl on t he top end-plate 
jnovides a means for a<lmit.ting the lye and 
the i-c({uisit.c amount of water se))arately. 
Thci'c are also at this ])oint. a steam blow- 
through valve, whereby any desired ]>res- 
siire may be maintained within tlm-boiler, 
and a safety valve, ttn the bottom end- 
plate is li.\<‘d a connection i)roviding a 
steam supply to the space Ixuieath the false 
bottom atid a blow-off leading from the 
tray. 'I’he boiler having l)een charged with 
grass, the lye and water hi the projuT 
proportions are admitted to the annular 
space. 'I’he liquid finds its way through 
the grass to the tray and into the vomiting 



Ki(i. II. ■■.laincB Eerlram'n Iteller. 


funnels. The doors l)eing tightly closed, steam is turned on iMUieath the falso 


bottom. (Suitable m(‘ans have, of course, to Ix' provided for removing the condenHod 


steam, at the proper rate. The boiling liquid completes the ascent of the vomiting 
fuimcls and is poured over the top peri^ratoil plate, whence it desisends again 
through the grass to the tray. The cinnilatifn is continuous and is kc})l going 
for about five hours, although this time is variable according to the pn-ssure allowed 
to exist within the boiler. 


After the boiling has been completed the liquor is run off and cold w’atcr is admitted 
to the boiler from the connection on the stamlanl at the top. This effects a pre¬ 
liminary washing of the fibre and at the same time cools it sufficiently to permit it to 
I • readily handled by the workmen. 
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An oxUtrriul view of iin OKpnrto vomiting type boiler, as made by Bertrams Limited, 
is given in Fig. 12. The construction of this is practically identical with that of the 
boiler illustrated in Fig. 11. The engraving, however, shows the method adopted 
for fivstening the filling and emptying doors. Messrs. Bertrams recommend for these 
boilers a pressure of from 40 lb. to 60 lb. per squan^ inch. It may Ixi taken that with 
such pressures the amount of caustic soda usisl is about 14 lb. of 70 per cent, soda to 
each ton of gi'ass. Tills figim*, however, varies with the quality of the grass being 
treated, quite aftart from the pressure ailoptcd. 'I’lie usual size of an esparto boiler 
is !) ft. in diameter by ft ft. high on the paralhd part. Such a boiler will have a 



I'm. U', lii'i'lnmin' E'iimrl.o IJiiikT. 


capacity for from 2J to tliiw tons of esparto. Four of them arc capable of treating 
100 tons |)er week. 

Esparto grass contains about 48 per cent, of c«>llulosc, or about half that contained 
in rags, and therefore requires a more drastic digesting process. This the vomiting 
type of boiler dt'seribed above provides without subjecting the fibre to an oxcessivo 
amount of agitation. The thorough iniprt*gnation of the fibre wiOh tho caustic soda 
solution and the length of time for which the boiling or digestion process is kept up 
are the chief factors relied upon to secure the requii'cd degree of treatment. Although 
the ordinaiy revolving rag boiler is unsuitable, for the reason stated, for boiling 
esparto, the esparto boilers described above arc quite suitable and are frequently 
ummI for boiling rags. 




(iiAi’TEu nr 


AVASHJX(J. BREAKIXC!. AND ULEACH1N(} 

A>tkr tJu> malorial has boon bnilod t»r digostocl it is usual to give it a jwlimiiiary 
rough washing in tlio boiler itsoU. The wquoiiw' of pr<M!OHsos through wliieh it sub- 
s«u{uontly passos before it roaches the stage of being linislunl pulp may be set mil 
thus :— 

Wnuliinij. —Tlie (caustic soda sohilion still l•elnaining in the fibre after the pre- 
liininary washing in the boiler has to be very thoroughly ivmoved. 'I’his is necessary 
bolli for the. sake of tlie libre and in the int<wsts of economy. These' interests, ajiart 
from th(' Rivers Pollution Act of 1870, dictate the recovery of the soda. 

ItmikiiKj. Tlie fibre is, after boiling, apt to be fornwHl into masses or bunches and 
has to be broken ui> and mlueed t« an aqueous mass of the required uniform con¬ 
sistency. 

HU’urhimj. —.\ clear solution of bleaching jiowder is addi-d to the stuff and is 
t horonghly ineorjiorat'Oil with it. 

Purifying .—The bh'aehing solution having done its work, has to be removed from 
the pulp, along with all the soluble impurities which it hiis on.‘aU*d or extracti'd. 
The purifying proeess may roughly be said to consist merely of draining off the aqueous 
liquid from the fibrous stuff. 

[Vn/>liing. ■ The fibrous material may still have clinging to it some insoluble ini- 
puiities, and in the' moisture with which it is saturated there is bound to bo pi'csent 
■V certain amount, of dissolveil bleaching ])owder. A second washing with clean wati'r 
is resorted to for the removal of these substances. 

Healing.—Thv preceding processes have resulted in the s[)htting up of the raw 
material into more or less pure cellulose on the. one hand, and various non-cellulose 
matters on the otliei' hand, the removal of the non-cellulose portions and the isolation 
of the cellulose portion into individual fibres. To all intents the fibres, exwipt that 
they arc separate, aiv still in th<‘ form in which they were present in the mw material. 
The breaking process has heljx>d to sejiarate them, but has not fractuml them. The 
libnis may Iki anj'thing from in. long, as in esparto grass, to as much as 1,»„ in., in 
flax. Thu bi'ating process is intended to tear the fibres so as to reduce them f.o lengths 
of from ,.‘2 in. to in. and to bring them to such a state that they will readily “felt 
together into a sheet of paper. Obviously, felting power will be best secured by 
tearing the fibres rather than cutting them. ^ 

Loading, Sizing, Colouring .—Suitable materials are added to the pulp to cuieupy 
the interstices between the fibres in tlie finished paper, to render the finished paper 
resistant to ink, and to neutralise the yellow tinge which is nearly olw'ays present to a 
slight degree in bleach<.d pulp. 

Refi,ning .—^It is still possible tlmt after beating is complete small portions of fibre 
may cling together in tiny masses. How'ever carefully the beating is conducted it 
is u.lno possible that some of the fibres may escape from it only partially, if at all, 

It 



ir. 


PAPER AfAKlNG AND ITS MACHINERY 


mliiwd. Tli<* ]>roc«‘ss of refining is adopted in order to catch Much pieces, to hold thorn 
liaek. am] to ojwn tliem out or ntliice thorn before allowing them to pass on. 

We have, in tins above, set out all th© processes separately. In reality certain of 
them aMi (ondiicted siintiltane<iusly in the one machine. Thus, the first washing 
and the biHsaking jtrocesses are nearly always conducted in this manner. The third 
|)roee,ss, bleacliing, is very often carried out imintdiatoly afterwards in the same 
machine. In some cas<?s, howewer, a si'parate but very similar macliine known as a 
potching engine is <'niplo 5 'ed for the bleaching process. 

'I’he ne.’ct prt>cess, )>urifying, is of an entiirly difTcrent nature and requires a quite 
ililb^rent class of machinery. For long it was conducted on machines known as press© 
l)ut<‘s. These an* now lieing displacwl by machines known as concentrators, a name 
whi(!h gives a <ilear idea of their function. Tlie fiftli process, washing, to remove 
the ins(duble im})iirities, &<!., left, after bleaching and concentration, may be con- 
diie.nsl in the washing and bn*aking engine first used. At time's, howe'ver, it is carried 
on in the beating engine* befe)rc the actual be*ating e)pe>rutie>n is commenced. The 
loading, sizing and colemring mate'rials are usually adde*d to the pulp while it is being 
lK'ate*n, as tliis brings about their thorough incor[)oratiou with the fibres. Wlu'u 
t his course is fe>llowe‘d the se'cond washing has, e)f course, to be eionducted bt'feffchand. 

I’he i>i (K!(*ss of reifining is caniesl on in machines of a variety of forms and difiering 
itiate*rially fremi all the preaaieling typeis. 'I’he refining engine* is usually a se-panite* 
machine, altlK>ugh at least erne British firm makc’S a eombine*d ])euting and mfining 
('iigim*. 

The* maehine*s used for washing, bre'aking, ble'ae*hing and lie'ating, in what(*ver 
manner the'se* jirex'C'sses are* combiiu’d e)r ke'pt st*parate, are* very generally mt'ieibers 

of a cemmiem family, the parent e)f which 
was the iH'ating engine introduccil aleont 
ItiTO, and stUl known fre>m the eountn’ 
erf its origin as the holliiudor. The chief 
characteristie fetatiire of this eslass erf 
machine is the form erf the* tank or vat 
in wlueh the material is tTOik-d. In 
Kig. 13 a ske*tch is given showing the* 
gene-ral form of the vat in setrfion and 
plan. The vat is a ree!(*j)tae!lo ha\’ing 
parallel sides and remnel ends and pro- 
vielt>d with an inemmplete e*entral par- 
titiem known as the “ mid f(*atluT.” 
On ime side erf the* miel feather the floor 
of the vat is flat anfl horizontal. Pass¬ 
ing olockvise remnd the end of the 
feather the floor sle)pes gradually up- 
warils to the mid-point, then rises sud¬ 
denly to a crest knemm ivs the “back 
fall ” or “ weir.” Thereafter it drops down to its former leverf auel may bo washed 
into the plane erf the flemr on the other side erf the feather in a smemth curve, or may 
be eiropped elowii us shown in the diagram by moans of a small curved step. Acrotw 
the middle of tlie vat a driven shaft extends, carrying a drum, the construotion of 
which varit's according te) the exact purpose of the engine. In most cases the drum 
co-operates with knivt*s or bars compel on an adjustable frame or “ bed-plate ” fitted 
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within a recess in the floor beneath it. All comers in the vat are provided with big 
fillets in order that there may be no lodgment of the pulp at any point. 

In Fig. 14 an example of a breaking and w'ashing engine intended particularly for 
dealing witli esparto grass, and made by James Bertram and Son, Limited, of Edin¬ 
burgh, is shown. The vat is mode of cast iron sections bolted together, and may have 
a capacity of anything from 15 cwt. to .10 cwt. of dry grass. The dnim on the near 
side of the central shaft is of cast iron in one piece, and is provided round its poripheiy' 
parallel with its shaft with a number of equally spaced steel bars or knives. On the 
bed-plate, the end of which is seen at A, several similar knives are carried. By means 
of the hand wheel B the distance between the two sots of knives is carefully adjusted 
to give the desired result, namely, the opening out of the masses of fibres rather than 
the re<lnotion by tearing of the individual lengths. In use the drum is enclosed within 
a cast iron cover to prevent splashing. 



Kid. I4.—Jnmv!> Bert nun’s CJniss lircKkiiig niul W'asliiiif; Kiigim;. 


The drum not only acts for opening out the fibrous masses but also serves as the 
means whereby the mixture of water and fibre is circulated round the vat. This it 
does by lifting the mixture and throwing it over to the other side of the back fall. 

On the far side of the mid feather, that is, over the hnrizontid portion of the vat 
floor, two washing drums are mounted on shafts driven by belt and gearing from the 
end of the breaker drum shaft. The sides of the drums are of woiwl. Their peripheries 
are formed of fine wire cloth supported on a perforated backing. The win^ cloth 
allows water to pass through into the interior of the drums, but holds batik the fibres. 
The vertical position of the washing drums has’to bo carefully adjusted to secure their 
proper action. For this purpose their shafts are hung betwwn guides frtun chains 
attached to pulleys on the overhead shafts C. The hand wheels D afford the necessary 
means of raising or lowering the drum shafts. The interior arrangement of each wash¬ 
ing drum consists of a series of six or so curved paddle blades—the back of one can be 
seen at E—^which conduct the water to a central orifice, through which it is discharged 
to wr»te. It is frequently the practice to make the mid feather in the form of a 
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long, narrow box with an o{>cn tup and a Huitablo outlet connection, and to discharge 
t he waKliing water from the cyee of the driims into thin. 

In VBc frcKh, clean water iH continuouHly added to the fibre in the vat through a 
pipe situated at one end of the tank. Tlic washing drums rotate at a considerably 
slower rat(‘ than the breaking drum and just dip into the aqueous substance. They 
remove the dirty water at the same rate as that at which clean water is being added. 
When the last trace of caustic soda has btw.n rmnoved from the fibre and when breaking 
is complete, tlie cJmi^s can In* draintxl ofl through an outlet in the bottom of the 
vat and sent into a separate bleaching engine. Alternatively it may be bleached 
in the bi'cakiiig engine itself. For tliis metho<l of working the washing dmms are 
raisivl clear of the <iharg«'. The bleaching li(|uor is then poimxl into the vat and the 
whole ke))t in circulation for the required length of time by means of the breaking 
drum. ()n completion of tlu; bleaching pcri(Kl the wa.shing drums are lowered again 
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and the fibre is wasluxl free of chemicals and other impurities in the same manner'as 
befoiv. This engine, it will Iki seen, can thus take in boiled contaniinatcil fibre and 
convert it into a clean, bleached and openeil-out condition, which only requires the 
removal of some of its water to be ready for the beating engine.* 

It is perha])s not very usual to have two washing drums fitted to an engine of this 
descrijition. I’lie commoner form is that illustrated in Fig. 15. This latter engine 
is for bivaking, washing and, if desired, bleaching rags and simihir materials. The 
vat ill this case is a solid iron casting, but otherwise the principle of construction is 
similar to that of the engine already dealt with. The illustration shows the hollow 
construction of the mid feather and the inlet pipe for the washing water. The charge 
circulalcs from the back to the front of the mid feather round the left-hand end. 

.As we have said, it is a common practice to carry out the bleaching process in a 
separate machine. It is no doubt economical in power to do so, although the output 
for the floor space occupied is not necessarily increased. During bleaching the stuff 
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liaK (o be kept merely in circulation round the vat. The breaking drum lias, howevc'r. 
to break tlio fibrous inosww as well as eircidate the stuff, and cannot, therefoie. be 
designwl solely with u view to its efficiency as a circulating means. Indeed, the two 
reqiimwents an' apt to prove eonfficting. as the pivsence of the knives on the bed¬ 
plate requisite for one function is a dnwbaek for the other. 

A separate bleaching machine known as Cornett’s patented mixing and bleaching 
engine, and, like the two preceding engines, made by James Bertram and Son. of 
Edinburgh, is illustrated in Fig. 16. The v:vt in this (vase is built in sections and can 
be provides! to hold from ir> ewt. to IKl cwt. of acpieous material. It. is made with a 
back fall as before, but has neither a knife drum nor a bed-plate. Insteiul, the mixture 
of fibre water and hlea<-hing solution is drawn by a special design of ei'iit rifiigal pump 
from the bottom of the vat on one side of the back fall and is dischaigecl through the 
pipe and muff-like orifice shown over the other side. 'I’his circulation secures a I liorcuigh 



mixing of the bleach with tlm fibiv. .\fter bl<‘acbing is completed the washing drum 
shown in the engraving «-aii be brought into use. It will Iw noticed I'luit in this ease 
th<< mid feathei' is solid. The dirty water is discharged from the drum over the far 
side of the vat. The drum shaft is suspended, not by cliains. hut by means of connect - 
ing-r<xls hung from two crank discs. It. will be und(‘rstood that in this and the two 
yweet'ding engines the raising of the washing drum to a sufficient height brings the 
driving gear wheel automatically out of mesh with its jiiiiion and internijits the- trans¬ 
mission of power, as is required. , 

Where a separate blettching engine provided with washing meam, siich as the alwwe, 
is in tise the previous process of breaking neeil not nec.«!ssarily las ywrformed in an 
engine of the hollandcr type. That type is excellent as a means of carrying on breaking 
and washing simultanrausly. But i»s a breaking engine only it is p<'rhaps somewhat 
extravagant of ymww. A simpler typ<' of machine for this purjiosr*, known as (,'or- 
nett’s patented cone breaker and made by Messrs. James Ik-itruin. is illustrated in 
Fig. 1 It consists of a four-yiart-. circular, conical, cast iron casing containing a 
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foiii’-nidt'd coiiicul rotor. Eoiir rowH of square steel teeth are fixed inside the casing 
so as to stagger with four similar rows on the rotor. The stuff as delivered from the 
boiler is feel into the machine through the hopper at the small end, ami after being 
churned up by the teeth finds its way to an orifice situated in the largo end cover, 
wheiMtc it is delivered into a receiving box. 

While this miuthine, in conjunction with Cornett’s mixing and bleaching engine, 
is suitiible for treating grass and other fibres, it probably receives more fi-oqnent 
application for dealing with wood pulp, as will be understood later. It is also in 
eonsiderabh' use for macerating a second kind of half-made raw material, known by 
pa])ermak(trs as “ broke.” This is simply old waste paper collected from any source, 
clean trimmings and other scrap stuff from the mills’ owm cutting mimhinos and 
similar material. It may include evtm wootl shavings. The engine illustrated is the 
standard size of machine usually adopted. It has an outer casing about 6 ft. long, 
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the diameters at the ends l>eing.2ft. 1 in. and 3 ft. 3 in. The output of reduced 
“ broke ” obtainable from it is from 8 cwt. to 10 cwt. per hour. A larger size is made 
capable of dealing with an output of about a ton per h<mr. 

When the bleaching process is conducted in an engine of the general typo described 
abov<', the pulp has of necessity to lie fairly liquid. If the stuff is thickly concentrated 
it cannot be circulated efficiently in tbo fiat-shaped vessel of the potchcr. Yet unless 
it is so concentrati'd the excess of w'ater dilutes the bleaching solution and therefore 
results in <!onsidorablc waste. Efforts have iwcordingly been made to dispense with 
the use of the potching engine and to devise means whereby tli|) pulp can Iks bioached 
when in a highly concentrated state. 

With this object in view what is known as the bleaching tower system has been 
evolved. An example of the apparatus used in this system as constructed, under 
patents, by Masson, Scott and Co., limited, of Fulham. S.W., is illustrated in Pig. 
18. In this instance we have a battery of five or six towers 8 ft. 0 in. or so in diameter 
and about 15 ft. in height, each ending in a conical bottom to w'hich the suction branch 
of a circulating pump is attached. From the washing or breaking engine A the diluted 
“ half-stuff ” is lifted by a circulating pump into the first tower. The pump at the 
foot of this tower lifts the stuff up to a concentrator B, from which it is discharged 
■ back into the tower. ’Phe construction of the concentrator will not be described at 
this point, as it is the same as that of a concentrator to be hereafter referred to. For 
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the time being it in sufficient to note that its duty is to get rid of a W quantitv of 
the loose water contained in the stuff. * ^ 

When a sufficient chaise of concentrated stuff has been accumulated in tl.e first, 
tower, the valve indicated between the pump and the concentrator is moved and the- 
whole charge is sent over into the second tower, leaving the first towv readv to 
ivceivc a fresh change. Jn the second tower the stuff is circulated from the foot, over 
a comcal hood at the top, and back into the tower. During this process the bleaching 
selutaon IS added, the circulation being continued tintil the solution is thonnighlv 
mixed with the pulp. By this time the second tower is inquired for tlu! fivsh charge 
which has 1^0 concentrated in the first tower. Its contents am therefore pass..! along 
into the third tower, and are kept there until this tower in turn is required by the 
succeeding charge. And so on until the last tower is reached. Each time the stuff is 
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a incidcnUlly mixes it up thoroughly, thus ensuring 

pleSv J pulp in biHiome com® 

^th tCi^ ^ lu ‘1“’ engraving, the last tower is fitted 

eiretlltrlTm tl*® '’‘'cond. By means of tliis the stuff k 

thoron!^ udded to it. Having been 

assisted bv th« ''•^u^lung themicals in this manner—the action may bo 

chlorWe^Ihf ^ “anti-chlor » such as soiLm 

r«innirn.i t “ “^uond concentrator, whereby the washing water is 

centrator and now larg%\5;pk^‘by 

am at by Messrs. Masson, Scott that over 120 of these tower systems 

m 26 to 30 per cent, claimed for tins method of working, but it is pointed ou! 
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that iis only mif cinniUitirif' pump is in uko at a time the power absorbed is very small, 
niiieh less, indwid, than is required to drive a potfhing engine. In addition, the stuff 
has not to be handled by the workers from start to finish, and the bleaching can be 
eondiieted eflfi(!ieiitly without heating the jmlp, as is sometimes done, thereby, it is 
claimed. saving steam and stsmring a strong fibre. 'I’he insttvllation illustrated in Fig. 
IH is capable, w-e art' informed, of dealing with (Xt to 70 tons of stuff, as measured in 
finished ])upur. p<T w'«‘k. 

’I’Ih" jueparation ol the hi -aeh liquor is a maff<‘r requiring some attention both from 
the <ihemist and tho engineer. Rlcaehing powder in the dried stab' may be regarded 
as ii mixture— it seisiis really to be a chemical compound—of (talcium hypoehlorito 
and calcium chloride. It is prepare*! by causing slaked lime to absorb chlorine gas, 
and should 1 m' looktsl upon simply as a convenient mciins of handling and using 
chloriiu'. Wlum treated w'ith water its two constituents, tlw' hypochlorite anti cldoride 
s(‘parate from one anotIuM' and dissolve. If this solution is liXiattHl with acid free 
chlorine is evolved. Such treatmctit is sometimes it'sorled to in the bleaching of pulps. 
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as it hastens the action. In gt'iieral, Imwevcr. the solution by itself is used, as tho 
addition of acid is thought not to imj)rove the quality of the pulp. The chlorine 
may la* regarded as being but loosely attached to t he bmc. Its i>leaching properties 
when so attaciu'd are not v<-rv much h'ss than when it is liberated fix)m tho lime by 
the iuldition of acid. 

When ('omnuTcial bletu-hing powder is dissolvcnl in water the rc'sult«s a clear solu¬ 
tion and a sludge <-onsisting of excess fre*' lime and certjiin insoluble matters. The 
chi*>f <linicutt'ies t.<» b<‘ overcome in the pixiparation of the bk'ach liquor are the pre¬ 
vention of waste arising from the incompU'te solution of tho soluble portions and tho 
attainment of a rapid std.tling and removal of the sludge. 

A typical bh'ach mixer as made by .lames Bertram and Son, Limittsl, of Edinburgh, 
is shown in Fig. JII. This example consists of tlirtH* octagonal tanks built up of cast 
iron ])Lxtes. Each tank contains two vertical shafts, to wliich agitating arms are 
lixt'd'. Tho low«T anus on each pair of shafts lie in the same pLvnc. Their lower 
edges art> not much more than an inch above the bottom of tho tank, an important 
point if the sludge is not to contain an excessive amount of soluble material. All six 
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■filiafts are driven by gearing from the horizontal shaft shown, but any pair can be 
thrown out of work by means of a dog clutch. 

It is iisnal to empty the bleaching powder into the agitating tank through a 1 in. 
mesh sieve and to mix it uith water at a temperature of about 70 deg. Fah. The 
arms are driven at a ptsripheral aptwl of about 6(i0 ft. per minute, and are kept re¬ 
volving for about 20 minutes, at the end of which time the agitator is stopired and 
the sludge allowed to settle. It is inarlvisable to keep up the agitation tm) long, 
for after a time it udll result in the sludge being minced to such fine particles that the 
time lost in waiting for it to settle ’ivill outbalarice any gain derivi'd from a more 
thorough extraction of the bleaching elements from the jMrwder. The clear solution 
is dnvwn oil from the tank at a kvel which is above the sludge. As shown in Fig. 19, 
the draw-off pipe contains a flexible portion, and is held up by a chain so that its orifieo 
can lie brought to any desiiietl level. The last |)ortions of the sludge take a very long 
time t.o settJe. In practice the liquor is drawn off Is-fore s(>ttling is ccmplcte. Fiiosh 
wab'r is then added to the tank arul five miniib's or so of agitation given to tlic liquid. 
Aftr-r the second settling tlie weak liquor is drarvn off and may lx* used as the watt>r 
of the succeeding batch. 

With carefid working the lileacliing powder lost with the sluilgi* need not cxccshI 
2 ])cr cent', of the original (pi.aiitity jmt into the tank. By emjiloying a battery of 
two or more biiiks agitation can be taking place in one while settling is going on in 
anotlu-r. Tlu- clear bleach liquor is draiiud off to a storage tank and is thence 
delivensl through a measuring cistern to the bleaching plant. 



CHAPTER IV 


PUUIFYING AND PULPING 

WilKN the blcachiiiff prowiKB hatf bmi completed the iiiaUtrial Ih in tlic state of being 
a moH' or less white, broken-np fibrous substance suspended in water, coiitaminuted 
■with sui^dus bleacliing liquor, and mixed with soluble and insoluble impurities 
which have lu^en formwl by tlus action of the bleach on the non-cellulose constituents 
I’cmaining in the material. 'I’he care and trouble spent over the removal of the sur- 
))lus bleacii and the other impurities varies very considerably with the quidity of paper 
being made. There aix* many kinds of paper which do not require a verj' thorough 
cleansing jmssiss. Indet^, at times no mon^ cleansing will be done tlian is sufficient 
to ]>rcvcnt a too rapid destruction of the Pourdrinier wire cloth on which the stuff is 
<ionverted into a continuous sheet of pajmr. Corrosion prodnctsl at this point by the 
bleach remaining in the pulp may be said to dictate the lower limit to which the. 
cleansing prowfss is carried. The higher limit is set by considerations relating to the 
prestunration of the paper and the desirability of avoiding its discoloration with the 
])assag(! time. If free acid is allowed to remain in the pulp it wiU in time oxidise 
the cellulose and this will residt not only in turning the paper yellow but possibly 
in causing it to cnimble awa}’. The whole question of the preservation of paper is 
very complicated and still presents many problems awaiting solution. This much, 
however, is certain. One of the most important points affecting it is the manner in 
which the bleae.hing is earried out and the thoroughness with which the pulp after 
bleaching is cleansed. 

It may Im doubted whether once bleach liquor has been added to cellulose' fibre 
it is possible thoroughly to crivdicato it and its residues. It is certainly a very difficult 
mattt'r to accomplish. Doctoring with “ anti-ohlor ” chemicals is sometimes resorted 
to, but this practice at iH'st is a makcsliift and is liable to introduce additional defects 
of its own. For certain purposes paper gtiarantei'd free from free acid is required— 
for example, filter paper, paper to be sensitixed for photographic purpose's, and the 
very highwt class of water-colour paper. To produce this paper the only practicable 
ootirst' seems to be to h'ave out the bleaching process altogether. Such unbleached 
papt'r is made at certain mills. If it is essential to have it white, this result is achieved 
by the civn'fid selection of the raw material and by washing the pulp’for a long time 
in very piire water.* 

For onlinary purposes, however, bleaching is resorted to, and, taking the average 
case, considerable pains are gone to in the subsequent cleansing process. This cleansing 
process may be said to consist of the straining off of all the loose liquid from the fibrous 
stdtstance and the washing of the substance subsequently in clean water. 

To strain «>ff the loose liquid, or to “ purify ” the pulp as the process is called, a 

‘ As illuntraUng tlie |pH!at disparity which esn exist in the lasting properties of paper, we may instance 
the {act that oortaiu paper made in Italy about 1350 is still iu existence in a good state of preservation, 
wlulo some papers m^n between 1870 and 1880, that is, during the early days of wood pulp, crumble to 
dust when handled. 
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luachiiio called the “ prosue pate ” in fit'queiitly iimhI, particularly ho if the [raw 
material in esparto or other graBsliko mibstance. A presse pate made by llertrainK 
limited, of Edinburgh, is illustrated in Fig. 20. Without anticipating our description 
of the Fourdrinicr machine it is impossible for us to describe the construction and 
action of a pn*sse pate, for it is practically identical with what is known as the “ wet 
end ’’ of a Fourdrinicr. All we need hci-e say by way of describing its constniction 



is that it coii.sists of a strainer A. a breast box and sluice II, a wire cloth baud travelling 
f»n a series of small rollers, a jiair of deckle straps (’, two vacuum boxes 1), a pair of 
conch rolls E. sonu'times one or more pairs of press rolls, and an endless fell, band F. 
'I'ho bleacluxl stuff is delivered into the strainer and is fheiiW! |>aKS(<d on 1o the wire 
cloth, wlusrc it is converted into a tliick shwt of damp pajM'r. It is then |)usscd 
through the couch rolls and on to the felt band F. Thcix^fter it may be wound 
np in a KSil on a woixlen rollei-. off which it is taken Ix-fore further treatment, is 
acconled it. 

.As a means of concentrating and p\irifying the “ half stuff ” between the bleaching 
and beating process<*B the presse pate has been largely HU£)ei'scHi<sl by macliiiics known 
as concentrators. Such machines are much less costly in the first instance, occupy a 
greatly reduced space, require less power to drive them, and withal produce a iK'tter 
result in so far at least as an increased concentration of the pulp is concerned. 

One of the best known of these concentrators is the “ Couper.” 11 is made in st'veral 
foi-ms by several firms. In Fig. 21 we illustrate a ('ouper concentrator as made by 
Masson, Scott and Co., Limited, of Fulham. Arranged within a suitable casing is a 
cylinder made of special acid-resisting bronze and rotated through gearing. The 
entire surface of the cylinder is perforated and round it is wrapped a fine wiio-gauze 
(doth. The unconoentrated half-stuff is doliverwl on to this •wire cloth tlmnigh an 
inlet which is spread out across the full ktngth of the working portion of the cylinder, 
.lust to the right of this inlet the space between the casing and the cylinder surface 
is sealed by a batten of rubber. Farther round the circumfenmeo tlu) casing is broken 
away to admit a roller known as a “couch roll.” This roll is covered with felt and is 
pressed by adjusting handles against the gauze on the cylimlcr. Against its side 
nearest the inlet there presses a rubber battem fixed to the casing. Inside the cylinder 
a vee-scctioned vacuum box is fixed, the mouth of which is placed under the arc 
lietwoen the inlet and the couch roll. The lips^of the box are providctl with suitable 
packing strips. The ends of the box project through the open ends of the casing 
and are attached to hand screws, whereby the lips of the box may be held in close 
contact with the interior of the cylinder. Although a pump may bo used to maintain 
the vacuum in this box, this is not essential, as a syphon arrangement is fouml to pro¬ 
vide all the suction that is necessary. 

The pulp as it is carried round on the wire gauze across the vacuum box is drained 
of a considerablo quantity of its loose water, and as its passes under the couch roll 
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ii fivrthor fjiiftutity is squtKizfd out. At this point it leaves the cylinder and adheres 
to the felt c<»verinfr of the couch roll in the form of a damp sheet. A wooden scraper 
or “ d<K-tor ” pressing against the couch ndl causes the pulp to fiUl oil on to a conveyor 
or inio a storage vessel as desirod. The machine illustrated in Jig. 21 is, wo are in¬ 
formed, capable of comjentrating fito 6 tons of pulp per hour as measured after conoen- 
traiion, and requin's only about two horse-jmwer to drive it. The degreti of concen¬ 
tration ellected can he varied slightly and dejKtnds upon the quantity of water initially 
in the pulp. As an example of <-ommon practice, wo may say that the pulp would 
(!ontuin hefoiv concentration o(|ual weights of film* and moisture. Afttir concentration 
the stater could lx* reduced by 25 ])er <;ent. A greater degree of concentration tlian 
this is not aimed at, Ixoaiisc! if it were attaiiusl the stuff would be too thick to pumj» 
and beat with <*ase. 



'I’Im* coiujentrator is. as we have said, used to remove' the excess of liquirl from tlu' 
pulji after bleaching and wivshing and before b<'ating it. It may bo used also before 
bleaching, as we indicated when describing bleaching towel's. It i#clear that if the 
water of the pulp is rwlnced beforehand b,\- 25 p<'r wiit., 25 per ci'nt. less bleaching 
material will Ik- required to give the stamlard strength of bleaching solution. After 
concentration tlie stuff is first washed again and then beaten. The washing process is 
conducted either in the same or similar machini's as used for wasliing after boiling, 
such as w(' have almwly dcscribeil, or is conducted in the boating engine itself, for 
which puiqiosit this engine would bo fitteil with a washing drum. 

^0 have now reached the point at which we should commence our description 
of the important class of machines known as beating engines. It is desirable, however, 
to reserve these engines for treatment in a separate chaptor, jiarticularly so because 
just at this point an entirely different class of machine demands our attention. 
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So fur we have b«fii dexcribing the machinorj’ iiM*d in the production of paper 
from tlic original raw material such ax cotton or linen ragx, exparto or other graxx, 
straw, &c., and the next step in the sequence wouki be to paxx to the beating procexx. 
A papcrmaker. however, has to prepared at times to doid with old or new waxtti 
paper ax a xerni-raw material. Even if he do«!S not buy this material from outside 
sources as a xetth*d matter of lux routine, he has lo face the problem of utilising the 
conxidei'able amount of trimmings and cuttings of finished ])aper originating within 
the mill itself, the defective xlux'tx east out- by the examiners, the broken ends of the 
■ivel>s jjroduced, for example, when a slight hiteh occurs in the even driving of the 
Kounirinier, the serapings of unconsolidated fibre taken off tJie Fourdrinier couch 
rolls, and so on. 'I’he.se internal sources of " broke,” as the papermaker calls his w'asto 
stuff, iwcount f<»r a <5onsideral)lc q\iantity of material in a year’s working. That it is 
economically important to be able to re-mak<‘ this wash! into pulp will bt* clear if wo 
<!niisi(ler the case of a mill having, say. two ma(;hines capable of turning out 50 to 75 
Ions of pap<‘r each pei‘ week. The width of the nx'ls of paper produced is, let us sivy, 
I(K> ill. on the average. The j'eels will probably bo slit hilo tliroo or four sections, and 
in doing so a strip an inch wide or thereabouts will Is' trimnu'd off each of the tw'o 
original edges. 'I’hcse strips alone thus represent 2 per c<“nt. of the eiitiri' out|mt of 
the mill, and will ivpresent in a year’s working 104 to 1511 Urns or over a wei'k’s output 
of the two niaeliines. The trimmings referml to, as we have saiil, are but one source 
of ■■ broke.” 

The usual inetlKsI of dealing with broke material is to mliUK' it to the state of pulp 
in special machines and then to add this rehabilitat<Hl stuff to th<‘ regularly prodiiccsl 
pulp ill the be.ating engine, so as to st'cim' a thorough mixture of the okl and the new. 
The special niaeliines referred to are of si'veral ipiite distinct' elassi-s. 'rii(‘ fimt. we will 
di'seribe. the edge runner, or “ kollergang ’ as it is usually called in the paperinaking' 
industry, is merely an adaptation of a form of machine used for many jiurposcs as 
widely sejiarated as the mixing of mortar and tiu! manufacture of sweets and choco¬ 
lates. I'he second, and jierhaps most generally usi-d class, is the “ piilper.” in w'hich 
the maceration is jirodiu-ed by revolving prong-like arms. A third variety is the 
disintegrator, in which the paper is riiblied against a st ud-eoveiH!d surface. A fourth 
type is the kneader, in which the mluction is effi'ct'Cil by two (!ountcr r<“volving 
shafts e.-rrying projielliw-like arms. 

-An edge runner or “ kolli'rgang ” as made by •lames Milne and Son, LimitiHl, of 
Edinburgh, is illustrated in Figs. 22 and 2:t. The examjde shown is of medium sisse, 
the machine being made bot.h larger and smaller. It. consist.s of a stationaiy circular 
base of n-d granite surrounded hj- a cast iron trough or basin, and t'W'o nxl granite 
runners joiirimlied at the ends of a horizontral rotating shaft. This shaft is fixed to a 
central vertical shaft driven by gearing in t.lie manner indiuat'{!il. 

The action of the machine dejiends, of course, upon the fact, that the inner edge of 
each riitincr is com|jclled to run round a circle of smaller radius thmi the oiiUt (xlge. 
ISince the stones arc rigid the motion is not pure rolling except at a section apjiroxi- 
mattJy at the centre of each ruimer. iSlipjiing tak(*s phicis on either side of this section, 
so that the motion is a grinding one. At' some section of each runner, where the motion 
is one of jnire rolling, thcro is no grinding action. This is coiiqiensated for by jdaoing 
one runmir 4J in. farther awiiy from the central shaft than the other, thereby making 
the grinding effect for the two stones nearly uniform over an annula.r area on the bed 
stone of radii 17 in. and SOj in., neglecting the 1] in. chanqrfer on the edges of tho 
runners. The motion naturally develops an end thrust in the runners, tending to 
push them outwards off tho horizontal shaft. This tlmist is taken upon ball bear- 



PAPER MAKING AND ITS MACfflNERY 



N 



Tmc Enoinikh" 


Fiu8. S2 (UkI 33.—Koller^tig—Janies Milne and Son. 


S«MIH Sc. 


•4 -0 Fmstr- 















PURIFYING AND PULPING 


29 


ingB. As the stuff being treated may bo lumpy in parts, the runners are mounted on 
cranks on the horizontal shaft, thereby allowing them to rise and fall and so prevent¬ 
ing an excessive fluctuation in the power demand. 

A small annular area inside the runners and a larger one outside is h‘ft untouched 
by the grinding action. The pulp is not allowed to aceumulnt>e in them* areas and so 
escape reduction. It is caught by a scraper mounted on the arms shown in Fig. 22, 
which rotate with the vertical shaft, and is carried thereby into the grinding art'u. 
A somewhat similar scraper on the other side can be lowered into action bv means 




of a handle. When let down it ploughs the material over to an outlet door in tlie 
trough si«le, whujli door is arranged to be pulled out like the drawer of a desk. To 
p«trmit of rea<ly acct*8s for repair and cleaning, the iKuuings for the horizontal and 
vertical shafts arc made split, as are the trough and the large bevel wheel and footstep 
Iwaring at the lower end of the vertical shaft. There is a speed reduction of about 
8^ to 1 between the belt pulley and tho vertical shaft. The power consumption varies 
considerably according to the nature and quantity of the material being treated. 
We are informed, however, that with the stones running at ten revolutions per minute 
rouiul the vertical shaft the consumption does not excetxi 16 horse-power. 
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Of Hio second cluss of maclaiio -tin- piilper—tlieiv imi severttl nuNlifications on tlio 
inarkot. Wv Jiivvi* cIioscmi for <leserij)lion the “ J’erfeel ” piilper as nitvdo by Masson, 
iS«!ott and Co., yiniticd, under the j)atent of A. van Hernelrvk. This machuie is illus¬ 
trated in Figs. 3-t and L’ri. and may for most purposes be; regarded as typical of all 
oilier ])ul|M‘rK. 

11. is urged against the kolh'rgang that it crushes up with the pulp aiiji’ foreign 
material l.hat may he (iresent in the original substance, to the delriinent, of course, 
of the wsulling jiaper. This is particularly a sourc<* of trouble when re-pulping old 
paper, for in this tli(‘r<‘ luv often portions of string, tin, wire. &c. Tlie action of t he 
pulpi'r is inUaided to disintegrate- tin- material by rubbing alone. It is claimed that 
it se[>arat(-s the fibres without' hivaking them, and that, any foreign matter originally 
present leaves tlie machine in an iinalteml form. 



'Till I until I M 


ifi. “Walfiiiil" l’iil[K'r—tViilfcuil Engiiii-i'.i'iiig Woiks. 

’I’he jnilper consists tif a conical cast iron easing containing a central shaft, on which 
are keyed several <iast st«H-l double sickle-shafMHl bladt-s. The u]»p<-r portion of the 
Civsing has several similar bhwles fixed to it. The latU-r bliwles are citrvc-d oppositely 
to those on the shaft and usually have- squaretl-olf points instead of being brought to 
an edge, as are t Ik- others. The material to be pulped is fed into a hopper situated at 
the smalk-r end of the easing along wit h a considerable ipiantity of waU-r. The shaft 
is rotiitiHl at about 50 revolutions p(-r minute. 'I’lie fa<-t that the easing is conical 
ensu«-s automatically that the material will be worked down to the larger end. Hi-re 
it is discharged over a mouth A- Fig. 25— the ojieuiug in which can be regulated so 
as to control the time for Which the material is kept in the machine. At the beginning 
of the prcK-ess the nnsoftoned material is engaged by the shoi-test arms and is gradually 
worked dow'ii to the longest arms. This feature, it is said, incidentally economises 
the power i-eqiiired to drive the machine. The object of the arms is not to cut the 
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iiiaterjftl up mto KuiaU pieces but to catch it and rub it agiviust itself and tlie walls of 
tho casing and so disintegrate it. 

In the case of the inachiiio illustrated, the top portion of the casing is in sections, 
and these are hingod to the lower portion, which is in one piece. A cleaning door is 
provided at B. These features greatly assist in the washing out of the iiiachiiu! when 
raw material of one kind has to be ehangwl for another. 11 may be notic(d. too. that 
the bearings for the central shaft an* placed well outside tin' casing, the idea lajing to 
prevent all ingress of lubricating oil to the interior. 

A second type of pulper—the VVatfoid. madcf by the Watfoid Engineering Works 
LiiniUxl—is illiistratc-d in Fig. I'fi. Jt is sitnilar to the juaehine descriUd above in 
that the pulping is eff«icted by means of curved s(ct>l arms on a central shaft working 
in conjunction with two series of stpiare-pointed prongs fixtsl to the interior of tho 
easing. It differs, however, in the provision at the h-ft-luuid end of the pxdping 
chamber of an enlargwl xlrum-sliajMHl sjxace known as tlie steeping xthamber. The 
<x*ntral shaft passes through the chamber and here also carries souu' curved stxM'l arms. 
Betwwii the* two sets of arms, and on the sanu! shiift. is fixed a two-bhuh^d propeller. 
Abovxs the arms in-the steeping (ihamber a lutixper is provided on tlie casing for tho 
iiilH. of the niatj-rial to hi' piilpi-d. Heneath tlwm is a shaft carrying short, roinul- 
poiiit a^nis. and n-volving at a lesser rate t han the main shaft-. Provision is made for 
admitting sti'am and hot wati'r at the base of the stec'ping ehamls'r. 

In the steeping chamber the material is soft-t'iiid and leciivi's a [iniiminary breaking 
up. The slow sju'cd “ hog shaft " is intended to ]m!vent the material packing into tho 
foot of the chamber and to collect any strings. &e.. with which it is at- times almost 
sure to be encumls'ivd. The propeller then carries t he stiitf into the pulping chamber, 
vvhei-e its ix'duetion is gradually eompletxid. It is di'livered out of the easing through 
mi orifice situated above the central shaft. 

'I’he power absorbisl by a pulper can be very great, it varies, of wiiirse. with tlie 
iiatun* of the mats'rial Iwing pulpivl. for obviously if this material is in the nature of 
old eaivlboanl the power ivquii-ed will lie greater than if it is, say, old newspaix-r. 




For the Watfonl pulpm- ii- may be anything from 20 to 4o horse-power. 'I’his, it is 
pointed otit. is less than it would be if the hog-shaft were omitUHl and the stuff were 
allowed to pack at the foot of the sUiejiing chamber. In Fig. 27 we reproduw a 
12-hc;;r pow'cr consumption diagram taken from an electrically driven “Watford” 
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wlien workiiif; <>n hard «izod waste paper. It will be seen that during the 
s]M-lls «)f working the consumption varied very considerably, in one instance being 
about horse power, falling luilf an hour or so later to about 1(1. The fluctuations 
naturally <le[)end on the times and amount of feeding and discharge. 

A third variety of “ broke ” reducing machine is the di8int«*grator. Of this an 
example known as the “ Partingten ” disintegrator and made by the Glossop Iron¬ 
works Comjjany, Limited, Glossop, is illustrated in Figs. 28 and 20. The moving part 
of this inachiru* consists of a revolving cast iron cylindrical barrel with closed ends 
and carrying on its surfaett eight or so rows of inserted east iron, steel or bronze teeth. 
'I’his barrel rotates within a cast iron casing, which is built up of sections bolted to¬ 
gether and numbering, in tlie example shown, eight circuinfercntially and four longi¬ 
tudinally. In eiw.h strake four of the sections are provided with pointed teeth or studs, 



2S.— “ Partuigton” nisiiitegraUir —(tlo»iop Ironworks. 


while the alternate four aiv provider! with sloping bars or “ tynes,” forming, as it were> 
an inteiTupt(Hl Uu'ead from one end of the casing to the other. Suitable charging 
and discharging orifirtes are fonned on the upper portion of the casing. During the 
rotation of the htvrrel the broke paper is disintegrated against thctstuds and is fed 
forwards toivanls the deliver^’ end by the action of the tyne bars. A pipe across the 
top of the machine permits a spray of water to be directed on to the paper as it passes 
tlirnugh the inlet orifiw' and also at two points along the casing. 

Of t hi' fourth variety of pulping machine—the knoader—wo illustrate an example 
built by Bertrams Limited, in Fig. 30. The casing of this machine is of cast iron and 
is made usually in two sections, although three are sometimes used. As shown in 
the view of the interiorr^-Fig. 31—the sides of the casing am arranged to bo turned 
dowi on hinges so as to permit of the interior being readily cleaned. Through the 
C4i8ing pass two square-sectioned steel or wrought iron spindles provided with cylin- 
<lrical portions at the ends to fit within stiiffing-boxes. The spindles are connected 
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by cxtiTiittl gear wheolx at one end, and, looked at from above, revolve towards one 
anotlmr. Each carries a serij-s of four-bladed cast iron “ propellers.” In the first half 
of the oasinf; the proj)eller blades have zero pitch. The walls of the casing at this part 
ar«‘ jilaiii. The jjaper, accompanied by about three times its weight of hot water, 
is fed into this portion through a wooden hopper and is here churned up and softened. 
'I’owards the entl of the section the propeller blades are of a slightly modified shape, 
just sufficiently so to propel the stuff forward into the second section, wherein the 
kneatling or reduction proper is effected. 

Throughout both sectums the two sets of propeller blades intercomb with one 
another, but in the second section the blades are shaped to give a fast or slow forward 
iiiov(mufnt to the })ulji as may be required. In addition the walls of the casing are 
here |)rovided with heavy internal ribs which tend to hold the pidp back, and in con¬ 
junction W'ith the rotating bLwles secure the kneading action. If necessary, a third 
section similar to the s<‘Cond is added. 



Fid. 30.—Kuuador -Ik'rtranis’. 


This type of machine is inad<‘ in various sizes. The varieties in commonest^use 
are those known as the 4 cwt. and the 6 ewt. sizes. Thest' figures indicate the quantity 
of hard-sized paper that can be re-pulped in the machines respectively in an hour’s 
working. If the fiaper to be treated is soft and unsized, the output is approximately 
tloublerl. In both sizes the projieller shafts should run at 12(> to IHO revolutions per 
minute. The power cunsume<l cannot be stated very exactly, for it altogether depends 
u])ou the way in wdiich the machine Is operated. If the paper is properly moistened 
—say, with tlii’ee times its ow'n w'eight of hot water—and if a capable operator is 
employed to fwd it into the hopper, the 4 cwd. size of machine can, we understand, 
lie driven with tto to 40 hbiw-powcr and the 6 cwt. size with 45 to 60. 

iSweral advantages are claimed for the kneader. Thus the fibres of the broke paper 
are. under its rubbing action, neither shortened, crushed nor beaten. The colour, 
sizing .and loailing, too. remain unaltered, provided water which is warm is used 
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rather than boiling water or steam, cither of which is apt to “ cook ” the pulp and 
affect the colouring and sizing and in addition i-eact on the state of beating. For some- 
papers the colouring material used is affectol by contact with iron. I’o deal with 
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thes<' papei-s the knearler is made—in the 4 cwt. size—with its trougli and blade.s 
of brass or zinc. In tlio ease of hard-siz(td jtaptu’s tlie i\«-pidped material, aftt'r jiassing 
tihrough the kiieader, nsjuires beating for only t<in to fiftwn minutes. Common 
pajiers and even boards after being kiu-adtsl may not re(juire any beating at all. 









CHAPTER V 


BEATING 

The process of boating is undoubtedly tho most important one in the Bcrios involved 
in the preparation of the pulp. It is a common saying that tho paper is made in tho 
beater. It is certain that no other maclune employed by papormakors has received 
more attention at the hands of inventors than this one. After 250 years from its 
introduction, however, tho beating engine employed in many paper mills is very little 
diffonmt from the original hoUandor. 

An example of this simple type of beating engine as made by James Bertram and 
Son, Iamito<l, is illustratctl in Fig. .“12. It is provided with a knife drum, l)od-plate, 
back fall, and mid feather, just like the breaking and wasliing engines previously 



Fiu. 32.—Hollander Beating Engine—Janiea Bertram. 


described. The only noticeable difference lies in the greater number of blades on the 
drum, and tho fact that they are grouped in sets of throe. Yet it?i function, as we 
have already explained, is materially different. It has to reduce the lengths of the 
individual fibres by tearing them. This result is obtained entirely by the setting of 
the drum knives relatively to the kpjvos on the bed-plate, and by tho length of time 
for which the beating is kept up. Variables affecting the precise result obtained 
are the degree of sharpness or bluntness of the knives, the speed of the drum, the 
temperature at which the beating is carried out, the length of time for which it is 
conducted, and the rate at which the drum is adjusted relatively to the knives on the 
bed-plate. 

Beating is thus a verj' comillex operation, and requires a high degree of skill on the 
part of the Iwaterman. It is probably not wholly a mechanical matter. Cellulose 
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is insoluble in water, but with suitable treatment cellulose fibre can bo made to as¬ 
similate water. Whether or no this assimilation is mode to take place, and if so to 
what degree, are matters under the control of the beatennan, and have a marked 
effect on the character of the resulting paper. As examples of the various treatments 
possible, we may say that pulp for blotting paper is beaten quickly mth sharp knives. 
The fibres arc thus not allowed to assimilate water, and are cut rather than tom. 



The result is a weak, absorbent paper, the absorbing powers of which arc increased, 
as wo have already explained, by suppressing the sizing materials. If the pulp is 
beaten slowly with dull knives the fibres are tom and braised and made to assimilate 
water. The resulting paper will be hard and dense, strong and semi-transparent. 

The exact time for wluch boating is kept up depends not only on the result desired, 
but on the nature of the raw matei^. Obviously the naturally short fibres of esparto 
gras.., straw, and wood will, for instance, be more readily beaten than the naturally 
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long fibw's of cotton and flax. Eight honra or moi-o are commonly devoted to the 
healing of cotton rag jndp, and for K|)ecial remdtw (liis time may be considerably in- 
creas«‘d. In tJie case of esparto the average time may be set down as about three to 
four hours. In esases wluw a blend of, say, (sotton rag and esparto pulp is required, 
each eons1itu<-nt is usually separately beaten for the ap|)ropriatc time, the blending 
taking pla(:«‘ subse{piently in a suitable machine. The whole question of the separate 
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or simultaneous beating of blended materials is. however, still to be thoroughly in- 
vestigattMl by jrajicrmakers. 

Tlu' first, modification of the common type of beating engine with which we will 
deal is tlmt knotvii after its inventor as the “ Umpherston.” Tliis engine, introrluccd 
so long ago ns 1880, Is illustrated in an improved form in Fig. 33, and, like the machine 
already dealt with, is made by James Bertram and Son, Limited. The important 
riiffereiice bettveen this and the old type lies in the form of the vat. Instead of cir- 
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culating the pulp in a horizontal plane it is circulated in a vertical plane by the provision 
of a return passage beneath the back fall. The course of this passage as well as the 
outline of the back fall is indicated in the engra\4ng by dotted lines. For the same 
beater capacity the floor space occupied by this engine is considerably less than in the 
old style, and this fact is the chief n-ason of the design. 

The original idea of employing a fixwl bed-plate and an adjustable Is'ater roll is 
still in very common use. Its adoption demands great skill and much expt'riencc 
on the part of the bcaterman, for he has to regulate the contact of the roll knives 
and bed-plate knives by his sc-nse of touch ami the sound pnKlucwl; .\n inversion 
of allairs due to Messrs. Caldwell, papermakers, of Inverkeithing, and Mr. tiohn White, 
a director of James Bertram and Son, JJmittHl, has much to commend it. In Fig. 
34 the system is shown as applied to an ordinaiy hollaiuler type beater and in Fig. St) 
to an Umpherston beater. 



Fii.. 35.—t’ni|ilii i>ion Jti'ulfr witli llyilriiiilii' I’liiti-.-. 


The beater roll may or may not be fitted with means of vertical adjustment. TIuf 
feature of the invention lies in the facd that the bed-plate is nuide in nu>re than one 
part—three in each ease illustrated—and that each part is separately adjustable 
against the roll knives by hydraulic means. In both engravings, it Anil be iinderstorsl, 
a certain ceiA'cr-plate has be<‘n removed to sIioav the internal arrangement at the bed- 
})late. Each portion of the bed-plate is provided with a pressure gauge and the 
necessary hand cocks for controlling tin- admi.ssion and (‘xhaust of th«“ pressure water. 

The use of these jnultiple hyrlraulic moving plates confeis. it is claimed, several 
important advantages. In the first place it may be pointerl out that the reputation 
of a paper mill for a particular class of paper depends veiy largely upon the uniformity 
vith Avlueh it can turn out this paper, and that this uniformity depends to a marked 
degree on the jjorsonal qualifications of the Iwaterman—that is. if the old style of 
hollander is in tise. The manner in Avhich the roll is adjusted to iH-gin AAith aiul from 
time .o time during the beating process is one of the most inqmrtant under his control. 
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With tho Caldwell and White Rystem it is easy to keep a record of the pressures applied 
to each plate and the times of their adjustments, and thus, so it is claimed, give a 
means of repeating exactly in the future the conditions observed in any successful 
beating. It n(>ed hardly be pointed out that to do so with certainty we must see that 
other con<litions ore kept constant. Of these the state of the knives is perhaps the 
most difricult to regulate. 

By using a bed-plate composed of three separately adjustable portions, a wide range 
of beating conditions can. it is claimed, bo obtained. As an example, the first plate 
can be used for cutting the fibres, and the two others for softening the pulp, or for 
any other desired manipulation. The power consumed by a beating engine is very 
considerable. Owing to the presence of the back fall the mere circulation absorbs a 
great ]»n>portion of the power. If, therefore, we can do the same amount of beating 
for one-thinl of the amount of circiibvtion, we may expect to find a good saving of 
power. This is appanuitly the case, for Messrs. Bertram state that in a mill fitted 
witli Caldwell and White beating engines a saving of 33 J per cent, in time and power 
has Iwen reconled. it may be estimated from this figure tlud., in an ordinary boating 
engine, of the jiower eonsumerl about one-half is s}>ent on circulating the pulp. Another 
important fidvantage cloimcd for this system reliitos to the life of the knives on the 
roll and bed plate. With an ordinary engine the wear of the knives may even after a 
few we«*ks’ work be found frequently to be very irregular. They may work much harder 
on one side than on the other. To repair them, therefore, entails a certain loss of 
metal, and as the blades aii> usually made of bronze, this may easily result in a fair 
amount' of nionetaiy loss. A worse result, however, arises from the fact that durmg 
the circulation of the pulp centrifugal force carries the heavier pivrticles of fibre 
towards the outside of the vat. that is, if this is of the hollander type. If the roll is 
bearing hardest at its inner edge, this entails the risk of the pulp being unequally 
beaten. With the hydraulic plat<< system the pressure is distributtnl equally and the 
bars arc- kept in uniform contact tlmnighout their length. The pulp produced, it is 
said, is bc-aten sufficiently equally to make the subsc'quont use of a refining engine 
unneeessarj'. 

WV understand that the Caldwell and Wliite hydraulic moving plates can be fitted 
to many c'xisting type's of Iwaters with little trouble or alteration. 

The- greatest source of trouble in the hollander type of engine is undoubtedly the 
diffi<!idty of securing the proper circulation of the stuff in the vat. The thicker the 
stuff is, the greatc'r is this trouble. In the breaking and washing engme the stufi is 
ver>' li(|uid. and the difficulty is not particularly acute. But in the beating engine 
matters an* othenvise, for here economy and good results alike dictate the beating 
of the stuff in as thick a condition as possible. In practice a compromise is made. 
.Something kss than the full consistency desired in the stuff is adopted, but the con¬ 
sistency chosen is sufficiently thick to make it necessary to modify the design of the 
beater roll in oixler that it may act better as a cirmdator. The knives have, in fact, 
to be fewer in number and have to bo spaced otherwise than is ideally desired from the 
point of view of efficient beating. 

It is for these n'asons that numerous efforts have been made to separate the two 
functions of the bt'ater roll, that is, to make it serve purely as a beating device and to 
install some independent means of circulating the pulp. A beater of this class is the 
tower beater, an example of which as made by Masson, Scott and Co., Limited, of 
Loudon, is illustrated in Fig. 36. In this there is employed a cast iron ciroular tower 
about 0 ft. internal diameter and 11 ft. deep, with a conical bottom, which gives it a 
total height of about 14 ft,. The cone at the foot is connected to the inlet branch 
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of a centrifugal pump, especially designed to handle stuff of thick consistency. The 
pump outlet is connected to a vertical external pipe, tlirough which the stuff is raised 
into the boater casing to bo discharged 
directly into the blades of the beater roll. 

The beater casing is fixed on top of the \\ _ 

tower and from its outlet the pulp falls /Ya 

directly on to a conical baffle-plate situ- . | / y _ 

atod within the mouth of the latter. The 

beater roll is adjustable relatively to the f/mS ji'r^ 

befl-plate knivtw in the usual way. The i Mr‘'Wf W 

knives on it, however, are uniformly h ^ 
spaced around its circumference and art! 
considerably more numerous than in the 

ortlinary hollandcr beating engine. They i- j; | i |f [ill | If 

may, in fact, number 128 as compared filV,':';! 1 ' 

with the maximum of 72 on an ordinary P'lfi'!! !'■ U 

roll of the same size. Jiiiiilji, , |l i i 

Eor every revolution of tlie licater roll If W ■ l , i i ' n'i S ir l! I 

an equivalently greater amount of work -■ j[M:|i ! ' |f 

is done, and as a rt'sult there is a corre- / / i;ii i jl' I il[!]i| ™ I |j 

sponding rtiduetion in the heating time. ' | |l|| ! 1 ii: 

There is. too, a saving in the ])ower eon- € S j 

sumption. The actual beating ojxTatioii ’ > ■ ' I > M I 

probably absorbs the same number of v:',,- i i'. :m \ | 

horse-power hours as in the hoUander V \\J' § 

tyj)e. The circulation is, however, ef- ® ^t ' "- 

fected far mort! efficiency. The pulp / 

naturally tends to rise to the same level ~ - - - - I 

roughly in the external pipe as in the- J=JLi——eJLLt_ 


vat, and as the vat is worked almost 
fully chargcid little eff<!rt is needed to 
tloow tl»e sttiff uj) into the b<“ater roll. 

Another imjmrtant advantage of tliis 
type of beater lies in the reduced floor 
space which it oeciifiies, for its greatly 
increased vat capacity. It is true that 
it occupies space on two floors, but head 
room in most mills is for ehea})er than 
floor art!a. Again, the circulating pump 
can itself bo used to empty the vat 
quickly at the end of operations and to 
discharge the pulp through the valve 
and pipe shown to the storage chests 
or ctewhere in the mill. In the case of 
the ordinary hollander a special pump 
has to be installed for tliis purpose, or 
the hollander has to be so situated that 


I 



Fig. 36.—Tower HbsUt—M asson, Scott. 


the pulp will flow from it by gravity to the required destination. The latter course 
may easily involve a considerable amount of wasted head room and floor space 
beneath the engine. 
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’iiu- piimp itself seems to play Mi important jiart in tlie treatment of the fibrous stuff. 
The pulp can hanlly pass through it without experiemeing some nuchanical result. Jn- 
ilec'd. its aetion closely ajiproachiis tiiat of the refining engines, to beilealt with hereafter, 
so iniieh that the makers itffer to thewiiole filant as a "towi'i-beating and refiningengine.’’ 

.Another variety of the “eireulating ” type of beater is the R«sl patented engine, 
an example of wiiicli. as made by James Milne and Son. Limitisi. of Edinburgh, is 

illustrated in Kig. 37. In this the vat is 
T-shaped in )ilan. the floor of one limb 
falling downwards from th«‘ back fall, and 
the floor of the other being nearly hori¬ 
zontal. Across the ends of the limbs 
there is situated a trunk containing a 
])ower driven sen'W. by means of wlii<!h 
the stuff is I'iiised and sliot into the 
bealei' roll. The reae.tion on tlie scit‘w is 
taken u]) on an external ball thrust bear¬ 
ing. .\s the ixill is not used to effect the 
eireulation of the stuff it can lie litted 
with many more bars than is usual. 
I'liese may be about 1.5n in number, and 
need not Ik‘ arrangeil in clumps of thns' 
or so. The knives in this roll are gener¬ 
ally I'ither of eriu'ible or Bessemer steel, 
and are usually J in. thick. The nn-thod 
of fixing the knives on the roll is indi- 
cat<“d in Pig. ,‘{s. The roll cylinder is 
lightly slotted erosswise for the reception 
of the butt end of the knives. Between 
each jiair a block of mahogany or other 
wood is carefully inserted to main' a 
tight fit. wrought iron ring is then shrunk into I’eee.s.ses in the blade and block 
ends, and this, on coidracting. holds the parts tlrndy together. The bliwles, 
we understand, can be worn right down to the 
iron ring btiforc renewal is nee«*ssary if tin' wotitl 
filling is from time to time cut away to give the 
necessary (ilearanee. The knives on the lM*d-jilate 
aw fivciuently set at a slight departurv- fi'om 
parallelism with the knives on the roll. With the 
same irU-a in view, iiaim'ly. of course, the attain¬ 
ment of a scissors-like action, the bed-jilate 
knives may be arrangwl in plan as a series of Kio, :ts.- Attiitluiu-ui of Bladi-s Ui Hell, 
very wide open vts-'s. 

Of the many other ''eireulating” beaters whic-h liave been invented, we can only 
deal with one more, the " .\cnie " Ix-ater. as made by Bertrams Limited, of Edinburgh. 
Simple })addle wliwls have Ixvii attached Bi the ordinaiy hollander fm the purpose in 
view, but it seems 1.0 Ihi generally admitt<'d that this plan is not very suitable for short 
fibre pul}), sfvy that derived from esparto grass or w<mr1. although they seem to be 
fairly efficient ns circuhitnrs of long and strong stuff, such as rag j)ulp. 

The " Acme ” beater is show'n in Pigs. 31) and 41). The vat. it will l)e seen, is some¬ 
what sinnbir to that of the Umpherston l)eater, already described. The " mid 
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foathcr, liowerer. is in tlio form of a plat-e. which is hinged so tliat it may be lifted 
up in order to clean out the bottom of the vat. The circulation is etreetccrby means 
of an Artshimcdcari screw mounted on an inclined axis in an exf<'nsion of the vat 
beneath the roU. The screw is driven from its lower end. and its weight is supported 
on oil-tight ball tJirust bearings. 

An ordinary Arclumedcan scivw may be regarded as a vcrveHieicnt circulator for 
thick liquid stufl. provided the lift is quite small. As the lift'inci-eases the eflieiency 
rapidly falls oil, because the stuff begins to rotate with the sen-w and to flow baek- 
wanls down it.. In the “ .Vcme ” beater the lift to be ovt-rcome is about in., a height 
too groat for the «'flicient ojM-ration of an ordinary Arehimedeau screw. 'I'he screw 

mlopfed is a com]>ound one. Ix'ing divhh'd into siHstions—three are shown in Fig. 3!>_ 

with stationary blmles in Indwecn. The two top ])ortions do not form continuations 
of the helical surface of the lower portion. Each is iulvanciHl by about half a turn 



lelatively to the one Ik-Iow it. By these nieans the lotation of the jndp with the se.rew 
is. it is claimed, eff»-ctiv<'ly pivvented. A fe.st condmded by Messrs. Bertram may be 
(pioted as indicating the suitability of this form of scrow for dealing with thick stuff. 
It was found possible to force pidp through a Ii'in. dianu-tcr jiipe IK ft. high wlien the 
)>ulp was so thick that it would not drop out of the pipe when tin* connt'rdions at the 
lower end were ivinovetl. Such jndj) is. of course, a good deal thiclun- than is used in 
any beater. 

Special attention has Imi'ii paid in the design of this engine scj to shajK- t he vat that 
there is never inoro than 3 in. dejrtli of jmlp almve the level of the IsmI plate. Con¬ 
siderable j)ower, it may lx* ))oint(‘(l out, can be wasted in driring fin' roll blarles nsc- 
k'ssly tlirough the thick jmljj if this is allowed to lodge in front of the roll. The capacity 
of the vat varies from 600 lb. to 1 rjOtt lb. of dry paper. 

In Fig. 40 wo give an external view of an '• Acme beater, which difft>rs fnun that 
descriOed above in that it is providcxl with a washing drum. The eonstruction of this 
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drum if) similar to that of the breaking and washing engine drums described in an 
earlier chapter. Its function is to remove the impurities remaining in the stuff after 
it has been bleached. It is, perhaps, not very good practioe to perform the second 
washing in the ordinary type of beater, because the beater roll is very inefficient as a 
circulator. It is, indeed, we believe, by far the commoner practice to wash it in the same 
engine as use<l for the first washing. If, however, we do not rely on the beater roll 
to circulate tlic stuff, but, us in the “ Acme ” beater, use a separate circulating device, 
then nmrly all the objections to washing the stuff in the beater vanish. The difficulty 
nmuiins, however, that while efficient In^ating requires the stuff to be highly concen¬ 
trated, washing it nc'cossarily dilutes it. The sccoml washing and the beating should, 
therefore, be conducted separately rather than simultaneously. The advantage of 
being able to perfonn the two operations in the one iniM'.hinc lies in the saving of time 
and labour otherwise spent in transferring the stuff to an extra machine. 



Many attempts have been made during the last forty years to construct a successful 
beating engine with more than one roll. Such an engine, it is to be expected, would 
save both floor space and power, and would considerably hasten the beating process. 
The eldef difficulty to be overcome in the design relates, it woulfl appear, to the 
adjustment of the rolls. It is rirgod by certain authorities that unless the rolls are 
very carefully adjusted one of them will do all the work, so that the other, or others, 
will merely to encumbrances. 

An example of a twin roll beater wluch, we understand, is in successful operation 
is illustrat<«d in Fig. 41. This is Nash’s patented beating engine, and is made by James 
Milne and Son, Limited, Edinburgh. The vat is rectangular in plan, and contains 
two modified back falls and a sump from w'hich the stuff is withdrawn by a centrifugal 
pump and returned to a main container. This container is provided with power 
driven rtwolving agitator arms. A sluice regiilates the flow of stuff from the con¬ 
tainer to the vat, and it is claimed that the action of the rolls is not affected by varia- 
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tions in the depth of stuff in the container. The weight with which the rolls bear 
upon the dead plate knives can be accurately adjusted by a system of levers which 
may be fixed and locked in position. 



"TkE tNCIIittll” * 8»SI« 8c. 

FlO. 41.—Niisli’s IWater—-Milne. 


This engine, it is stated, is of particular value for treating mixed pulps composed 
of long-fibred and short-fibred material. The long-fibred stuff is mill^ for a suitable 
length of time before the short-fibred material is added. The mixing is conveniently 
effected in the agitator. There may be two of these agitators, so that while one is 
serving the vat the other is receiving and mixing its charge. 
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REFTX1N(J 

'I'lfK ]>r<)Cfss of rolitiiiift is veiy oIom'Iv tw<s(M!iatefl wntli that of boating. Tlio niacLiiioK 
om[)loyp(l in it have no oxtcrnal rosoinblanw to Iho hollaiidor typo of beater, with its 
largo vat and its liacik fall. Actually, however, the internal luttion of a n-fiiiing engine 
is of ipiite the saiiH; nature as tint action fif the beater. In both classes of macliino 
the }tiil]i is soissonsl In'tweeu a s('t. of moving and a sot of stationary blades. 

It will b(' roiidily nndorsto(sl that after Imating lias been carried on for a c<»rtain 
length of time wo may havi' the jmlp sufficieniJy mlnot'd as roganls by far the gi’oater 
bulk of it, although small jiortions may yet have escaped it'dncliuu or, having bwm 
rodiioed. may have felted iogether in small ma.ssos. Such particles cannot be allowed 
to puss info l.he jiaper. so that either of two eour.ses seems ojien to us. The beating 
may bo carried on further until all the parlicles have bec'ii reduced or ojiened out, 
or the iH'ating may be stojijied here and relianeo (ilaced on the strainej-. throiigh 
which the pulp is jiasstnl just lu-fore it flow's on (o the Forirdriniei' will', fo hold back 
the unreduced ]iiU'ticl(<s. The latter course is the bettor one, although it is open to 
the objeetion thaf. unless the straining plates are kejtt very eleiin great trouble w'ill 
ensue from the choking uj) of the slits by the quantity of iinri'duced fibre which they 
will be ealled ni>on to hold back. The former coui-se is not practical. To reduce 
the last few particles in the beater is a ditiiciilt matter, for the greater the jiroportion 
of the ehai'gi' aln-ady w*duced the more difficult is it to catch the remaining portions 
of unrediieed fibre between the blades. Ajiart from this the coursti suggested is very 
wast^'ful of power. To reduce the last pound or so of the charge wc have to continue 
the circulation of tlie whole round the vat just as at the commencement of beating. As 
the. jiower spent in circulating the stuJT may be as high as 50 per cent, of the total power 
absorlx'd by the machine, it will be seen that the reduction of the last pound in the 
beater is offiKited at an exorbitant price. 

It is here that the refining engine comes in. Let ns imagine that we can transfer 
the all but comjiletely rediiceil pnip to a machine capable of exerting a scissors-like 
action on the ))ulp jnst like the beater, but so designeil that the portions of the pulp 
w'hich have been insufficiently reducinl are prevented from passing tlnough the blades 
until they aiv so reduced, w'hile the remaining portion, already sufficiently reduced, 
Hows straight tlirongh the macldne away to the storage tank or the Fouidrinier 
maehine. The bulk of the stuff is cleared aw’ay at once, and the power spent in retluc- 
ing the remaining portions is considerably more commensurate with their amount 
tlian it w'ould be if the whole were kept in the bcatc-r until complete reduction was 
effwtiHl. 

This is an outline of the philosophy underlying the use of refining engines. But the 
matter does not stop Ih'to, The reduction of the last pound or so out of a total charge 
in the beater of. say, ti to 10 ew't. is not a verj' important matter economically, pro¬ 
vided w'e have means, such as a strainer, of preventing the unreduced portions passing 
into the finished paper. Even if the pound or so of material held back by the strainer 
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wpi-f* wastetl it need not bo—tlie value it ropresonts in a year’s working woukl cer¬ 
tainly not pay for the mterc-st on capital, depi-eeiation. atteiulanee, and other charges 
involved m the attempt to n-cover it by means of a ivfining engine. 

So long as the full original charge is kept in circulation in the beater vat that pro¬ 
portion of the total power absorlu^l by the machine which is sjient on the cinmlation 
is practically e.onstant no matter what stage the beating iiiav have reached. Aiinin 
the power spent in driving the i-oll may ' ’ 

be divided into several parts, of which 
jirobably all exeopt one remain practi¬ 
cally constant, no matter how far the 
beating has jirogressed. 'J'lius the power 
s}M‘nt against journal ami blmle friction, 
and in driving the roll through the jmlp 
oil cither side of the bed-plates bars- S 
the latter jiortion may be considerable | 
unless the roll runs but lightly immersed a 
in the pulp—will be. to all intents, con- I 
stant. The only jiortion of the jxiwer 
which falls olT as the beating jiroeeeds is 
that spent in the scissoring action of the 
blades. This. M’lu'ii isoLited from the 
power expended in the rubbing of the 
sets of bbides togelher. is a lery small 

proportion of the whole. Without at- ,.. rrMc 

tempting to assign correct values to the p.,., , 

dillerent items we give in J'ig. a self- 

explanatory diagram, silowing lougldy how a bi-ater absorbs jiower. 'I’his indicates 
very clearly the manner in Avhieh the horse-jiowei' e.xpemKsl jH‘r ])ound of material 
yet to bemlueed increases as the beating promtls. Tlie point to notice is that at 
some considerable time before wt* roach the stage of haling only a pound or so of the 
material yet to reduce, the expenditure of pow<>r for the work remaining to be 
accomplished is iiighly extravagant. 

Clearly then at some stage, determined by local conditions in certain respects, it 
jiays to stop the beater and transfer the charge to a ixifining I'ligine. which will im¬ 
mediately east out the stuff alivady siifliciently beatmi and complete the reduction of 
the ivst. This is an extended list' of the ix-fining engine, and is its most important 
function. The term refining swins hardly apjilicabh* to it. 

It is easy to see that this use of the ivfmirig engine not only saves a considerable 
amount of power, but also effects an (“(jually givat saving in the time spent over the 
beating priniess. If we use a refining engine a big part of the charge can be on its 
way to the Fourdrinier at a time wlien if no refiner were in use it would still be circu¬ 
lating uselessly round the beater vat. Again, in a lieater an unreduced particle between 
two consitmtive passages under the roll has to make a comjilete round of the vat. 
In the ivfiner it is. as it were, kept hovering about the blades until its rcKliiction is 
completed. 

Conditions vaiy so greatU- that we must hesitate in giving a definite figure for the 
saving of time and jiower obtained by the use of a refining engine. If may lie said, 
however, that, worked to the best advantage, the addition of a machine of this typo 
may rt'sult in a saving of both time and jiower, si'parately amounting to from 3o to 
60 cent, of the corresponding figures for a beating engine alone. 
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A refining engine made by Maseon, Scott and Co., Limited, of Fulham, S.W., U 
illustrated in Fig. 43. It consists of a oonioal external casing—see Fig. 44—and a 
conical internal rotor—see Fig. 46—^mounted on a shaft that can bo adjusted longitudi- 
nally by liand. The surface of the rotor and the inside of the casing are provided 



with hard steel or bronze blades spaced apart by wooden filling pieces. The blades 
on the rotor are straight. Those on the casting are zigzag. 

In use the rotor is adjusted by means of its hand wheel and screw until its blades 
art! just nibbing against tlie stationary blades on the casing. With the rotor nmning 

at about 300 revolutions per minute the 
pulp as delivered from the lieating en¬ 
gine is fed into the machine through the 
hopper A, Fig. 43, situated on the cover 
of the small end of the casing. The 
ensuing action is a little difficult to ex¬ 
press in an exact and brief manner. 
It is clear, however, that the pulp as 
delivcTOd on to the top of the small end 
of the rotor will be carried round be- 
twiK'H the rotor blaries and at the same 
time flow towarrls the larger end of the 
casing until such time as it roaches that 
diameter of the rotor at which the 
c(!nt.rifiigal foiee exerted on the pulp is 
sufficient to throw it out into the space 
between the stationary blades, The 
heavier jiarticlos will obviously be ejected 
* first, so that after the machine has been 
running for a brief space we can imagine 
the pulp between the rotor and the 
casing changing progresdvely from coarse stuff at the suxall(!r end to fine properly 
rotluced stuff at the larger end. The latter portion may be drawn off through 
a suitable orifice situated on, and above the centre line of, the large end cover. 
The coarse particles shot into the stationary blades arc deprived of their centri¬ 
fugal force and fall back on to the rotor. During their fall they are scissored 
between the blades, so that as their weight is thereby retlucod they may travel 
a little farther towards the large end before they are again shot off the rotor. 
Thus, while the stuff already sufficiently reduced flows quickly to the outlet, the 
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heavier portions are held back until their size and weight are such as will enable 
them to pass on. 

^ The upi^r portions of the rotor and cosing arc thus piimarily conoi*rned in tha 
refining action, for if a particle gets into the space between a pair of bhides on t he 
lower half of the casing gravity is no longer effective to return it on to the rotor. The 
lower portion of the casing might, therefore, appanmtly be made without blades 
and the action would proceed with little alteration. It is provided with blades for the 
same reason as the outside of the easing is provided with two sets of pedestal feel.— 
sec tig. 43. In order to equalise the effects of wear the casing is made so that it 
may be turned over through 180 deg. when ootiasion requires it. 

The machine is made in several sizes, the length of the cone—4 ft. to 6 ft.—lioing 
the measurement adopted for distinguishing purfiosi^s. The horse-power absorbiHl 
necessarily depends upon the tightness with wliich the rotor is adjusted against the 



Kifi. 4.'>.—Kolur of (.'otiiciil Koliiii'r. 


stationary blades. If this adjustment is made carelessly an enormous amount of power 
may be consumed. We are informed, however, by the makers that when the adjust¬ 
ment was satisfactory and the output of pulp was KMK) lb., as measured in paper, 
per hour, a 4 ft. refiner of this type showed under test a consumption of 80 horse¬ 
power. 

A refining engine of a materially different type is illustrated in Fig. 40 and in section 
in Fig. 47. This is Milne’s patented refining engine, and is made by Bertrams, Limitcsl, 
of Edinburgh. The easing of the machine is a short open-ended cjdindcr closed by 
two piston-like covers provided with pocking ijngs. A stout shaft passing through 
glands in the covers carries centrally a disc to each face of which a series of radial 
bars or knives is fixed. Similar bars are attached to each of’the cover discs. The bars 
on one side of the central disc are shorter than those on the other. A feed box is erected 
above the easmg, and u connected thereto by an elbow pipe, the end of which fits 
within a gland on the adjacent end cover. On the other end cover a similar gland is 
provided for an outlet pipe, the two glands being situated at the same radial distance 
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from the axis of the shaft, but at opposite sides of it. In conm«tion with eaeli end 
cover four screws provided witli feet work Avithin brackets springing from the fixeii 
cylindrical easing. Each set of four screws is siimdtancously tuljustablc by nu‘aus 
of two chain-connectetl worm shafts. 

The bars, tlic longer of wliieh arc not mojv than 9 in. in length, arc mi«le of rolled 
bronze, and arc stwircd in place by slips of lieechwocMl. Tlie discs ami tlu> (tasing 
are of cast iron covered witli brass or copimr. The shaft is nnwle of forged steel sheatlied 
with brass and is ]»rovidetl with enclosed double ball thrust Ix'arings. The feed-box 
is usually of tvood. The inlet and outlet ])iiH>s arc* of coi)|M‘r. Tlie maeliiue is made 
ill two standard sizes, tlie smaller one being capable of passing Itino lli. to I2IMI It), 
of relimxl juilp per hour, and tlie other one anything u)) to I'iin Ih. .\s in tlie case 
of the previously described reiiner the hoi'sc-power alisoi-bed de|H‘iids entirely upon 
the manner in which the maehine is worked. Witli the end discs adjusted so tliat the 
bLades are working in fairly close eontiud. the horse-power necessary for tlie larger 
size of machine is. we are informed liy the maki'rs. from (in to 7n. 

In ai'tioii tlie pulji from t lie feed-iiox is (‘lit rained betivei'n I hi' largi'r sets of stationary 
and moving liiu's, and is shot outwards by the action of centrifugal fore - iiibi the 
aiiiinlar space beyond the liar.s. Tlie 
bars on tiic other side of the disc aiv 
some 'J ill. shorter than those throngli 
which the ])ulp has just pii.ssed. but 
their inner ends aro at the same radial 
distance from tiie axis of rotation. The 
centrifugal force exerti-d on a jiartieh' 
at the outer <>nd of the shorter liars is 
aecordingl\ only alMUit 9(1 jier cent, of 
what it' is for tiie same fiart.iele Avlieii 
at tile outer end of the huger series of 
liars, it follows, therefore, that a liquid 
deli'’ered on the side of the rotating 
disc cariyiiig tlie larg<>r bars would tiow 
over to t lie otln-r against the cent rifiigai 
fiirce iiiijiarUHl to it by the iiresence of 
the smaller bars. Wliether a jiartieic of 
matter present in tlie liijuid will ae<ioni- 
})any it in this How will dejiend upon 
the weight, of the jiarticle. If this is 
above a certain limit the centi'ifiigal 
foiw developed in the ]iarticle on con¬ 
tact W'it'li the smaller blades ■will shoot 
it back into the aiiniilar space against 
tlie flow of the li(|uid. If the weiglit 
is below the limit tlie centrifugal forte 
thus develofKHl will not lie siiflicient to 
counteract the force of lli<‘ tiow and 
the particle will pass through witli the 
liquid. Gratuty acting on the jiartieles introdu(X‘s a slight, eonqilicat.ion. Tims it 
is easier for a particle to pass thnnigh the smaller blades above the axis of rotation 
than below. The situation of tlie outlet pipe lieiow the axis of rotation no doubt 
comiieesatcs this effect. 
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In actual use the particles of fibre wliich fail at first to pass the second set of bars 
do not simply remain unaffected in the annular chamber, but pass rejMsatedly between 
one sot of bars and the other until their sise has been reduced sufficiently to allow 
them to escape. 

When the ortlinary tyjje of hoUandcr Ixsating engine is in use there is, as we have 
shown, considerable difFicnlty in circulating the stuff in the vat at that consistency 
which ccmsidcrations of efficient beating would otherwise demand. The result in 
practicti is that the piilp must Im diluted with water, a proceeding which, although 
it facilitates the circulation, does not make the beating any easier or more efficient. 
Efficient refining likewise demands that the pulp should not be diluted beyond a certain 
degree. With whatever more than a certain amount of water the pulp is diluted, by 
this amount will the volume of stuff wliich the refiner has to liandlo in a given time be 
increased. To keep the output of fibre—and therefore of paiier—^the same we must, 
in conserpiencc, cither incniase the speed of the refiner, or use a larger size. In the 
case of the nifiner described above th<‘ difficulties as regards the circulation of a stiff 
piilj), present in a hoUander beater, are abstmt, so that it is possible, and in many 
cases desirable, to deliver the pulp to the refiner in a more highly concentrated state 
than that in which it left the beater. To meet this requirement a concentrator, such 
as we described in our fonith artiide, may be interposed between the two machines. 
In Fig. 48 we illustrate a spi-eial arrangement consisting of a Milne refining engine 

working in conjunction' with a Lister 
patented concentrator. This conci'ii- 
trator apjiears to b<' on the same prin¬ 
ciple as the washuig dniin used on a 
bivaking and washing engine. It ex¬ 
tracts the water from the pulji to the 
right extent just before the pulp enters 
the feed box of the refiner, and returns 
the water to it after refining has Iwen 
efftH)ted, so that no loss of wafer, sizing, 
loading. &c., is incurred. 

In Figs. 40 and 6(i we illustrate f.he 
Kingsland refiner as made by the 
Glossop Iron Works Company, Liiniticd. 
In the principle of its action tliis refiner 
is very similar to Milne's refiner, but 
its details differ considerably. As be¬ 
fore, the refining takes place in a 
chamber containing a revolving disc, 
the action depending ^n the effect of 
centrifugal force. The disc is of cast 
iron, and the bars or knives on each 
side of it arc oast solidly with it. The 
stationary end covers are similarly of 
cast iron with solidly cast bars. The 
ailjustment of the contact between the 
stationary and revolving bars is also offcotod in a different manner. Thus the back 
end cover is firiu^j' secured to the cylindrical casing. The knives of the disc are 
adjusted against the knives of this cover by moving the disc axially, for which 
purpose a hand screw is provided to bear against the back end of the disc shaft— 
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Hoti Fig. lH). The front cover cun bo moved in and out by means of a worm and 
worm whc«-l arrangenu'iil. 

For tlie size illustrated the dinmcbT of the revolving disc is 48 in. A 39 in. machine 
is also made. The speed of the* disc is 2.60 revolutions per minute. In the case of the 
machine illustrated in Fig. 40 the feed of the pulp to the refiner chamber is eflt«tcd 
by gravity. Tlw Kingsland refining engine is also made with a gravity feetl, the «»- 
volving disc in this instance kiing 30 in. in diameter. The example illustrated, how- 
ev('r, has a fcKsl. the pixissui'e of wliieh is controlled, not by gravity, but by a gear 
rlriveii pump of the plunger type j)rovided with an air (shauiber to keep the rate 
of flow (tonstant. The pump ram has a rliameter of 8 in. and a stroke which may be 
•■ither 10 in.. 12 in., or 16 in., aeoording to the amount of pulp to be passed through 
tlu) iviiner in a giveti time. The variation in the stroke is obtained by altering the 
]iosition of the jiiii on the overhead crank disc.—stie Fig. 49. The j)iinip is driven 
by belt and gearing from the refiner shaft, and makes forty-five strokes per minute. 
It delivei’s the pidp to a ])oinl situak-d at file highest level of the cylindriciil refining 
(!haml)<*r. The outlet from this chamber is situated as nearly at the cxmtre of the 
back cover as (urciiuistances will jiermit. A swivelling ynpe, not shown in cither of 
the engravings, can Ik' attmihed to the outlet orifice, and by adjusting this the back 
jiressure on the pulj) passing through tbe refining chamber can be varied to suit tlie 
conditions of tin* moment. 
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In our inlrcKluctory cliuplcr wi- st.itod tliiH llioru wt iv two luoiul in tiu* nuuiii- 

fttotuiv of })H]ier. nami'Jy the })i'«‘j)iuivtiou of tlio ])ulii and tlio ooiivorsion of this })ulp 
into dry. contiiuious sliccls of |ia))cj'. \\V liavo now doscrilicd llu* constriu-tion and 
workiii}; of somo typioal inacliincs t-rnployod in tin* liivt sla^n* and havi* t<i taki* up a 
similar ataamiit of tin* paporinakin^ inacluin* proper, or Fonrtlrinier as it is soinetiines 
called, after the fn*utletneii who had so inneh to do with its sinmessful inlrodnetion. 
Such a machine in its modern fonn is not )i sinijile piece of maehinery ; it is, in fact, 
proi)t*rly to ht* des<;ril)ed as a collection of maehines. In onler. then. that, its printtijdc 
of working may not l»e lost in tin* des<!ri]ilion of its details, w* will lirst. of all give a 
brief diagram mat it! account of what it is and what it does, witlnmt rcfeivnco to the 
product of any particular imiker. 

A i)a}M*rimddng machiin* may conveniently In* dividt'd intt» twt> ixirtions-a wi't 
ami a dry end. In Fig. ol w<* gi\ e a diiigi*am showing the elevation of such a machine 
with evcjy part e.xcept the absolute essentiids timitted. A plan tif the wet (*nd is also 
given. The plan of the dry (*nd follows obvious lin(*s. 

Starting at the left, the ])idp as it is delivor(*d from tin* beating or rt'fining i*ngine, 
with a suitable ainonut of diluting wal4*r mbh'd. is first of all cans<*d to How through 
a sand trap. In its sinuous e<nirse through this trap, the pulp, flowing fiver small 
ridges providwl across the ehauin*ls. d(*po.sits any large si/ed jiieees of sand or dirt, it 
may cfiutain. I'rom here it jiasses on to a strainer consisting essentially of a plate! hi 
which many very narrow slots have lK*en fnit. Ihrough which only jiroperly pidpwl 
fibiXJs can pass. Xe.xt comes a sluice whereby the ipiantity of jiulp flowing, and con- 
seipiently the thickness of the ]ia)i(*r to be made, is regulat<*d. Tin* pulp thus prepaixxl 
is delivered from the sluice through a breast-bo.x on to an (*ndless trav(*lling band of 
wire cloth, the u]>jK*r stretch of which is .supported on e, large number of small rollers. 
.*\s the stuff is carried forwani on this win* cloth, much of its water drains away Ihrough 
the inter.stices, and the fibres lM*gin to felt together. 'I’he litiuid I'ejeeted—the ‘‘ back 
waU*r”—contains a mtain amount of fibre, and is eaiighl and us<*d aflenvanls for 
diluting a fresh quantify of pidp. 'I'he uidlh of the finished paper is settled at this 
point by means of india-rubber “ deckle straps.'’ tuo endl<*ss bands travelling with 
the will! cloth and r(*gida1ing the brea«lth of the stream of pulp. 

Near tin* end the win* cloth pass«*s over t wo vaeuum bo.xes connected t-o a suction 
pump. In ])assing across these, the slu*et of stidf is still fniiher fill'd from water. 
At this stage the sheet is in projier condition to rei*eive any r<*(p»ired " water mark ” 
or other sign. This is effecteil by means of a “ dandy roll usually [ilaci'^ belwe<*u the 
vacuum boxes. The dandy roll is a light c\lindcr Itearing on its suiface tlu! required 
pattern in raised wire. It ]»r(‘ss<*s gently on the wet ])ap«r and thins it very slightly 
beneath the wire })attern. Having jiassixl the vacuum box<s. the paper has to be still 
further dri«xl lx*for«' it can with safety be lifted from the win* cloth. Fortius purjiose 
it IS passed lK*tween a pair of " couch rolls.’’ t he upper one of which is usually covered 
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'With felt. The 'wiie cloth pasBcs through these rolls 'with the' 
paper, and is then turned round the lower roll and led back 
towards the “ breast roll.” 

The paper, passing forward off the wire, is carried on to a 
closely adjacent endless band of felt which conducts it through a 
first pail' of “ press rolls.” Those rolls more or less perform the 
fun(!tion exercised by the hydraulic, or other press, employed by 
the hand worker when he has accumulated a “post” or pile- 
composed of alternate sheets of felt and paper. The paper is 
next passed upward on to a second endless felt, which conducts 
it through a second pair of press rolls. It may then go through 
a third pair. When it has been thus sufficiently pressed, it has 
booomc practically free from all loose water, and Las bcc>n con¬ 
solidated into a comparatively strong sheet. At this point it 
may bo said to have reached tho tennination of the wet end of 
tlio machine. 

The pa]H‘r, although it has now no free water, is still moist, and 
has to be thorouglily dried. For this purpose it is passorl round 
a series of steam-heatrd drying cylinders. Our diagram show < a 
gi’fmp of tliirterm of these cylinders, arranged in two nrws and 
numbeivd accoitling to the progression of the paper around them. 
'I'lie cylinders aie I’otated at a unifonn rate. The paper not being 

as yet strong enough to bear its ouii 



weight except on very short distances, 
is held up to the surface of the drying 
cylinders by means of an endless felt 
band embracing about half the circuui- 
fenmro of each cylinder. A certain 
degree of tension has to bo maintaured 
in the felt band, and as it is difficult 
to effect this -when tho band is very 
long and the variation in its length 
correspondingly groat, it is usual to 
divide it into several portions. Thus 
our diagranr shows the employmertt 
among the thirteen rolls of four end¬ 
less bands. One embraces the lower 
halves of the rolls 1, 3, 6 and 7, and 
another the lower hal^s of the rolls 
9, II and 13. A third passes over tho 
upper halves of tho rolls 2, 4, 6 and 8, 
w'hile tho fourth deals similarly with 
the rolls 10 and 12. On leaving the 
thirteenth roll, the paper now almost 
diy passes through a pair of smoothing 
rolls which remove all irregularities 
from it and generally perform a func¬ 
tion similar to that performed in the 
hand-making processes, when the sheets 
are pressed without the intervention 
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of the felt pads. A passage round additional drying cylinders—two are shown in the 
diagram—then follows, and precedes a passage through the rolls of a calender. The 
Mtion of this is, as explained in our first chapter, to smooth and polish the surface, 
fo consolidate the fibres and to reduce the thickness and increase the strength of the 
paper. The last operation is to aind the paper on to a reel. 

With this description, the general lay-out of an actual machine anil be readily under¬ 
stood . In Fig. 54 the plan and elevation of such a machine is shown, wliile on pages 68 
and 59 will be found two vicars, taken during erection, one of the wet and one of the dry 
end. The machine represented in these engravings was constructed by'James Bertnun 
and Son, Limited, of Edinburgh, for the Carrongrove Paper Company, JJmited, of 
Deimy, and is engaged on the production of the best quality of printing pajjer, such 
as is used by certain illustrated journals. The raa’ material in ust* is almost entirely 
esparto-grass with the addition, for some qualities, of a little sulphite wood pulp. 

The speed at wliich a paper machine is run depends upon the weight of pajror it is 
desired to produce. In the present instance the spiked is variable betw'cen 60 and 
250 ft. per minute, representing in a week of 132 hours an output of from 50 to 75 
tons. The wire cloth at the wvt end has a width of 102 in., which width is suitable 
for the production of a tinished web of jiaper of anything up to 92 in. wide. The 
length of the wire cloth is 45 ft. There arc scvenri'cn drj-iiig cylinders in all, racli having 
a diameter of 4 ft. 6 in. Fcmr calenders 
having luitwcen them a total of twenty- 
four rolls arc providwl to enable the 
requinul highly finished surfawt to hi; 
obtained. 

The driving of the nrachiiu' is dividetl 
into two parts. At the wet end the 
stuil chests where the prdp is stored 
have to be ]uw'ided with agitarin-s to 
prevent the fibjxt settling. These agi¬ 
tators, the strainers and the various 
pumps. &c., are driven by an electric 
motor from an overhead shaft. The 
rest of the machine, from the couch Kills 
right to the md-up drum beyond the 
calenders, is driven by ropi'-gearing from 
a variable sp<<ed steam engine. The 
total power used is from 50 to 60 horses. 

We reserve the description of various 
details ombodietl in the design of this 
and other Fourdrinier machines for a 
succeeding chapter. The details of the 
rope drive may, however, appropriately 
be described here. In the Carrongrove 
machine this drive as is usual with the makere is on White’s patented system. As 
shown in Fig. 64, the steam engine transmits its power on to a main shaft by means 
of ropes. From this main shaft the drive is taken also by ropes to ten separate 
counter-shafts. 

One of these shafts is devoted to the driving of the couch rolls, one to each of the two 
sets erf press rolls, three are associated with the driving of the drying cylinders, and 
four are given over to the driving of the four calenders. Each of these ten drives is 
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separately ailjustablc as regards speed and starting and stopping after the manner 
shown in Fig. 62. The rope pulley counter-shaft, it will be scon, carries a belt pulley 
which is slightly conod. From this the power is transmitted by belt downwards to a 
comispondingly coned pulley on a second counter-shaft, which is in geared connection 
with the shaft driving the lower of the pair of rolls shown. The second counter-shaft is 
carried on a frame which can swing in journals embracing the roll shaft. Suitable 
stiops are provided for preventing this frame from falling too far, while a hand lover 
is connected to the frame in order that it may be raised. Thus, simply by relieving the 
tension in the belt, the drive can be quickly stopped, while by adjusting the position 
of the iK'lt on the coned pulleys by means of the screw handle shown the speed of the 
drive can be varied. The feature of the invention is the suppression of any kind of 
clutch and the snumthness which it is claimed it gives to the starting and stopping. 

Of the seventeen drying tsylinders, three, as we have said, are thus directly driven. 
'I’lic remainder are driven from these three by means of gear wheels. The wire cloth 
at the wet end passes round the lower couch roll, and as this roll is driven by one of 



Fifl. 53.—Throe sets of White’s Driving Gear. 


the counter-shafts no further provision need be made for driving the wire cloth. Tho 
deckle straps partake of the motion of the wire and are not separately driven. 

In Fig. 53 wc show three sets of White’s driving gear, being those for the couch 
rolls and the first and second press rolls respectively from left to right. It will bo' 
noticed that in this instance the drive to tho counter-shafts is made by belt instead of 
by ropes. The driving gear of a Fourdrinier, it will be gathereS, occupies a con¬ 
siderable amount of floor space along one side of the machine. In a recent instance to 
be found at Greonhithe, Kent, Messrs. James Bertram have considerably improved 
matters by placing the bulk of the gear, along with the steam engine, underground. 
The swinging lovers in tliis case are* mounted on the lower or underground shafts, and 
ore operated from above. What would ordinarily be the counter-shafts are situated 
above-floor and are connected to the roUs and drums just as are tho lower shafts in 
Fig. 63. 

The Carrongrove machine dealt with above may bo regarded as typical of modem 
Fourdrinier practice, whatever may be the raw material in use or the exact nature 
of the paper mode. These two variables undoubtedly do introduce modifications 
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in the doKign of the paf)ermaking machine, but in general it may be aaid that these 
modificatioim are n|>))arent only in the details of the machine and in the speed at which 
it is run. in particular, a Fourdrinier intended for “ news ” papermaking, for wliich 
the raw material is. of course, womi pulp, need be very little different from any other 
except as regards the speed at which it is run. As examples of “ news ” making 
F'ourdriiiiers we cannot do better than refer to the machines employed at the I'>aily 
TeliyraJill mills at' Hartford. Of the five machines there employed, two were supplied 
by Bertrams. Limited, of Edinburgh, and it is to these! two that our succeeding re¬ 
marks a]iply. Eight views <jf the larger of these two ma<!hines will be found in the 
previous and siuiceeding jjages. 

'I'hc first, view gives a general idea of the machine as seen from a point in rear of the 
strainers. 'I’owards 1hi‘ right may be s<‘en one of the circular stuff chests into which 
the pulp flows by gravity from tlie beafers. Lying ovcir tlie [wiir of stuff chests, and 
surrounded by a wofxlen ]>latform. is f.lu' " top chest." a large vcsst‘1 into wliich the 
pulp is raised from the stuff chests by the stuff ])uni))s. Then* is an overflow from the 
toji ciM'st back into the stuff chests, so that a constant heiul of pulp may readily bo 
maintained at all times in the top chest. Leading out of the toji chc'st there is a pijie 
which eondiiets th(‘ |)ulp by gravity to the " mixing box," a cylindrical vessel -with a 
conical bottom, the top of which is visible in the forcgi'ound. If dcsbcsl, the ])ulp 
ciin thus be ]iassed directly into tlu' mixing box. Lsiially, however, between the top 
chest and tin* mixing box it is sent, t lirough a relining engiiu' situated on an alti'rnativo 
pipe between 1h(> chest and the hox. 'I'lie refiner in f.his case is of the Milne tj'jx*, 
and is to lie seen in the foivgronnd. In the mixing box the pulj) is diluted to tlm 
])rojier extent with the “back wab-r " which drains away from the wire cloth and 
which enters the box through a jiipe at the foot. From the mixing bo.x the diluted 
pul]» flows ov'er the sand tables which may be seen, in the engraving, [lassing across 
llu“ room. From tlm sand tables f.he pulji flows into the five straineiv and thence 
f hrough th(> Imiast box on to the wire cloth. 'I’he coiu'li r<iUs and press rolls are barely 
disfinguishable in this view, but a conspicuous feature in the middle distance! is the 
vertical jiortion of the felt band, where it rises over the stretching rollers. Beyond 
tills is t he di-y end with its twenty drying cylinders. 

The swionil engraving is a close-up view of the wire frame. On the extreme right 
we see thc! end of the breast I’oll spindle, and on the exti'eme left the end of the first 
vacuum box. The comigated iron sheets aiTangcil beneath the wire rollers to catch 
the water. &<■., draining axvay from the jiiilji should be noticed. A view of the wire 
frame, as jiartially emited in the makers' shops, is given in thc tliiril engraving. The 
woixlen ereclion on the right is f he sluice and breast box. 

Tlu' foiirfh view, also taken in the makers’ works, shows on thc right the pair of 
couch rolls followed towanls the left by two pairs of jiress rolls. The upjier of the first 
set of ,press rolls is not in place, but a scraper to remove any fibre lliat may adhere 
to it is si-en iK'ing fitted in place. The various small rollers seen in this view are for 
till! guidance of the different endless felt bands. In the background the first pair of 
drying cylinders is seen. 

The fifth engraving shows a portion of the two rows of drying cylinders. The odd 
ami smalltT-sized cylinder on top does not help to dry the paper. It is steam-heated 
like thc rest, but is intended solely for drying the felt. There is at least one such 
felt-drying cylinder for each endless band. The felt passes round it on its return side. 
Thc sixth engraving shows the complete set of drying cj'lindors. Thc seventh shows 
thc same side of the machine, looking, however, towards the wet end. In tho im¬ 
mediate foreground is tho calender, with the rolls on which tho dried and calendered 
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pa))cr is reeled still nearer the camera. The eighth view is also taken from the calender 
end, but represents the opposite side of the machine. There all the driving gear is 
accommodated. In Fig. 55 a general arrangement drawing of the whole machine is 
given. Since the macliine was built, a tliird set of press rolls has been added to it. 

The machine thus illustrated has a wire cloth 134 in. wide. The other machine 
made by Mtissrs. Bertrams for the same mill has a wire 94 in. wide. The two machines 
are to all intents of the same general design, and are employed for making the same 
class of ])aper. It is interesting to compare the following figures relating to them. 


No« ..... 

1 

3 

5 

Wire--\Vi(I»»i. 

94 in. 

134 in. 

..... 

00 ft. 

OOft. 

tt|>oud ..... 

1 400 ft. J)er min. 

600 ft. jier min. 

Strainers—N<i. ..... 

4 

5 

Size ..... 

Cft.x2ft. 

Oft. >'3 ft. 

Auxiliary slruiner, size 

6 ft. X 2 ft. 

6 ft. X 2 ft. 0 in. 

Jtreast roll, diameter 

13 in. 

15 in. 

(itiidt! roll* HiamWor 

8 in. 

10 in. 

Wire rolls No. .... 

0 

5 

IJiaiiiPler 

7 in. 

8 in. 

Tube rolls— .N'o. .... 

42 

34 


4 in. 

33 at 5 in., 1 at 0 in. 

ViiCMiiiin IxtxoH. No. .... 

3 

3 

1 teekle pullevs, diumeler . . 

Ifi in. and 9 in. 

15 in. and 9 in. 

('uiieb rolls, diameter 

10 in. and 24 in. 

20 in. and 21 in. 

rofls. No. (if Kt'Irt 

2 

3 

First set . To]) roll .... 

18 in., basitll lava 

22 in., 010111 x 1 iron 

t'nder roll 

10 ill., brass 

20 ill., 

Sccoml Hol—Top roll 

18 in., eliilled iron 

22 in.. eliilliHl iron 

ruder roll 

10 in., brass 

20 in., itrass 

Tliird set Top roll. 

— 

22 in., eliilled iron 

rndor roll 

— 

20 in., rnljber 

Drying eyliiidi-rs No. 

24 

20 

Jtianieter 

48 in. 

01 in. 

bengtli . 

92 in. 

132 ill. 

Fell driers—No. .... 

4 

4 

Diameter .... 

3 ft. 

3 ft.. 

Wet felt rolls, diameter 

Gin. 

8 in. 

VWl cod U^ading rolU -No. 

4 

4 

Diaiiietor 

Oin. 

7 in. 

Drv felt rolls, diameter 

Oin. 

7 in. 

('alendor—No. of chilled rolls 

a 

7 

Diameter, inelies 

18. 13, 15, 13, 15 

20,16,14,16,14,1.6,18 

I’uiniw—Stull }miups .... 

1 at 9 in. boreX 10-in. 

2 at 9 in. X 10 in. 

Itaek water ]mmp .... 

stroke 

7-in. Ixirc 

9-in. bore 

Kxeess wot<‘r jnimp 

4-in. Ixiro 

4-in. bore 

Vacuum jmmp. No. of barrels . 

2 

4 

Size 

10 in.X 10 in. 

10 ill. x 16 in. 

Main engiiies - No. .... 

2 

« 2 

Ty|K>. 

Horizontal cross 

Compound vertical 

Cylinders ..... 

cou]>led 

12 in.X 18in. 

14 in. and 20 in. x 8 in. 

Steiuu pn'aaure .... 

00 lb. 

— 

Hor«e-))ower, total . ... 

60-100 


Auxiliarv engine— 

Typo .. 

Horizontal single 

Com|K)und vortical 

Cylinders ..... 

12in.X 24 in. 

14 in. and 20in.X Sin. 

Horso-power . « . . . 

35 

_ 

Horsojiower token by body of machine 

70 

— 

Ditto by auxiliarias . .. 

30 

_ 

Total. 

100 

100 

Outimt of (taper per week . 

76-80 tons 

130 tons 








Some o£ the Drj'iiij' (.'yliu<h'n<. 



The Dry End. 


P.M. 
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In coiinoction with theHe data, Beveral roinarku, explanatory and otherwise, fall 
to bo made. Thus a word of explanation may be desirable as regards the function of 
the auxiliary strainer. This strainer deals with the stufl rejected by the main strainers 
and is intcndcnl to recover the usable material which is unavoidably held back with 
the impurities. The main strainers have to strain the pulp just at the same rate as 
the paper is being made. The auxiliary strainer does not need to work to a time 
limit and «!an, therefons. do the work witli greater care. Tlic stuff saved by it is mixed 
with the “ bae.k water.” The ordinary positions of the breast, guide, w'ire and tube 
rolls are indicatwl on Rig. T)!. !rhe first three kinds in both the Daily Tnkgraph 
machines arc of eoinx-r, the last being in tlic form of brass tubes. The function of the 
guide roll is to help maintain the wire cloth in a central position, that is to say, to 
prevent it from running to one side or the other of the tube rolls. The manner in which 
it exeivises this function will be dealt with in a succeeding chapter devoted to the 
details of the Fourdriiiier. The functions of the three otlier classes ot rolls are obvious. 

TIm! wet felt rolls as indicated in Fig. 61 serve to guide the endless felt bands 
associated with the press rolls. They an* of copper. 'I’hc wet end leading rolls are also 
of copper. They are the small rolls over w’liich the paper passes by itself between 
the last pnjss rolls and the drying cylinders. In both the Daily Telegraph machines 
there arc four of these leading roUs. They are driven by power, their function being 
to assist the movement of the paper. \Vc will refer to Messrs, Bertrams’ patented 
leading roll in a later chapler. 

The dry felt rolls serve to guide and support tlu' felt bands associated with the 
drying cylinders—sec! Fig. 61. They an*, in the Daily Telegraph machines, of steel 
covemd with copjjcr. A power-driven leading roll 8 in. or 10 in. in diameter may be 
assTKiiated with each dry felt. 

Of the four kinds of pumps referred to, tlie first— the stuff pum[)s—deal with the 
pulp on its jrassage from the beater house! to the storage tanks in the macltine houst!. 
1’l»e back water pump is of the centrifugal typo and handles tho water which drains 
away from below the wire cloth. Tliis water contains a fair proportion of fibre, and is 
therefore valuable. A portion of it is used for diluting tho pulp as it leaves tho refiner, 
while tho excess is sent through a Fiillner filter—a German machine—which recovers 
the bidk of the fibre. There an* other sources of water at tho wet end. Thus a flow 
of water, as we shall see later, is required to seal tho vacuum boxes. Water is used 
to wash the felts and tho couch rolls and so on. All this excess water is kept apart from 
tho valuable back water and is dealt with by a separate centrifugal pump. Tho vacuum 
pumps are of conrs<! required in comiection with the vacuum boxes. 

Tho main engines drive the Fourdrinier proper from the breast roll to the reel-up 
beyond the calender. Tlie auxiliary engines drive the back-shafting from which tho 
pumps, strainers, agitators in the storage vats, &o., are operated. 

Tho output figures relate to a week of 132 hours. Paper machine* usually run con¬ 
tinuously from Monday morning till Saturday midday. "With regard to tho horse¬ 
power items, the figures given above are those supplied to us by tho makers t)f the 
machines. When we hod the pleasure of visiting the mill, the engineer in charge in- 
formtxl us that tho main engines .of the largtw machine indicated 90 horse-power, 
while the auxiliary engine indicated 120 horses. Tho back-shafting of the larger 
mocliino, however, has to drive a Milne refiner which may absorb up to 80 horse¬ 
power. Tho comparable figures are thus 90 for tho main engines and 40 for the aux¬ 
iliaries, as against- 60-100 and 36 respectively for the smaller machine. It will thus 
be seen that tho horse-power provided for the two machines and their auxiliaries is 
practically the same, although one has an output 60 per cent, greater than tho other. 



134-INCH rAPERMAKING MACHINE AT THE “DAILY TELEGRAPH’ MILLS (eontinwt). 



Driving Side of Dry End. 
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Thix result is in part explained by the fact that the bock-shafting and drying cylinders 
of the larger machine arc fitterl with roller bearings. It should also be noticed that 
the output of a Fourdrinier is proportional to the effective width of the wire and to 
the speed of its travel. The increased sptwd of the larger niaciiine calls for more power 
to an extent which is probably just about balanced by the saving due to the roller 
bearings. The incrcascxl width demands little if any increase of power, and, if any, 
principally in the auxiliary engine. 



CIL\l‘TEll vni 


FOUUDRINIER DRIVING ARRANGEMENTS 

In tho immediiit<‘ly preceding chapter we dealt with one form of drive for Four- 
drinier maeliitioB. Tlie subject is of prime importamsc, for on the possibilit}' of having 
a steady, trustworthy and easily controlled drive the whole success of the Foiirdrinier 
depends. There are many forms of driving arrangements in existence ar 
existence. In this chapter we propose to deal with a few of tho former class, which 
may fairly be regartled as typical. Our examples cover the three branches of tho 
field, namely rope, belt and electrical driving. 

Sonm curiosity may be expressed as to why it is desirable to split tbc drive of a 
Foiirdrinier into so many sc^iarately controllalile parts. Wo may be tempted to ask 
why arc not all the rolls and dnims connccteil up to the source of power by a geared 
or other rigid form of drive which would b«‘ aiTanged to give at all times a uniform 
peripheral speed throughout all parts of tho machine. As a matter of fact, this would 
not fulfdthe object in view, namely, the avoidance of breaks in the web of paper, but 
defeat it. 1,'niforniity of peripheral speed is not dcshablc, because as tho pajier pro¬ 
gresses through the machine it becomes drier and drier, and accordingly shrinks. In 
jiropoi-tion as it slirinks. so must the jauiiiheral sjased of the parts supporting it bo 
reduced if bi-eakage is to be avoided. 

'I’lie shrinkage of paper varies greatly with the raw material in use. Further, with 
liny one raw luati'rial it' varies w'ilh the humidity of the atmosphere, and still moro 
with th<‘ differences in tlie treatment employed in the jireparation of the pulp. As 
illustrating the latter jioinl, we may quote some figures obtained by Mr. W. R. Sin- 
dall as a ivsult of experiments carrksd out a few years ago. It was found that cotton 
rags beaten for four hours produced a sheet of dry paper ]•! per cent, less in area 
than that theoretically equivalent to the width between the deckle straps and the 
sjHHxl of the wire cloth. For eight hours’ beating the shrinkage was 4 0 per cent., 
and so on, progressively, uji to a shrinkage of 21'2 per cent, for a beating period of 
thirty-seven hours. These are shrinkages of area. Tho linear shrinkages will bo 
almost exactly one-half of these figures. AH things considered, then, we may say 
that the calender end of a Fouidrinier may at times have to run slower than tho 
ooneh rolls bj' an amount of tho order of 10 per cent. 

It is quite common to find, as in tho case iUiistratod in our preceding chapter, tho 
drying cylinders driven in three or more groups. It is not, however, by any moans 
unusual to find them all driven as a single groqp from the one counter-shaft. The 
gradual reduction of the peripheral speed of the cylinders towards the dry end, so as 
to allow for shrinkage, is then accomplished by reducing the diameter of the cylinders 
progressively from one end to the other. Obviously, this method is best suited to the 
case of a mill constantly engaged on but one class of paper. It would searoely answer 
on a macliine running one week on wood pulp, say, and tho next on rag. 

The form of drive already dealt with cannot be described either as a pure belt or a 
pure rope drive. In it, as we have seen, cither ropes or belts are useil to transmit 
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the* power from tlus main conntcrHhaftH, with belt drives from the sectional counter¬ 
shafts to the spindles to be driven. 

At th<' /An7)/ Tdegruph mills, tho two machines supplied by Bertrams, limited, are 
fitted with what w'o may call a f)iire rope drive. The engraving. Fig. 56, shows the 




I'KiH. .')6 ami .’iT.—Kxjxiiiiliiig Ho|K! Pulley Driving dear—IjcrlmiiiB’. 


driving side of the smaller,'that is, the 94 in. machine. Fig. 57 represents tlirec sets of 
the same style of gearing as airangcd for driving the three calenders of a similar 
macltinc. Each sectional countershaft, it will be gathered, carries a friction clutch, 
a hand wheel, an expanding rope pulley, and a cut steel pinion. This pinion meshes 
with a wheel fixed on the couch or press roll spindle or other shaft to bo driven. The 
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rope pulley in in halves, the distance apart 
of which is controlled by the liand whetd 
through the agency of scissor-like arms situ¬ 
ated lietwocn the real arms of the pulley. 
The adjustment in the size of the rope groove 
produced by the axial movement of the halves 
can hvi effected even though the machine is 
running. The friction clutch is operated 
through a shaft from a lever at the front of 
the machine, so that any section may be 
started or stopped without the attendant 
having to pass to the back of the machine. 

In Fig. 58 the gcmeral lay-out of the rope 
drive fitted to a large mauhine supplied by 
Hertrams, Limited, to an English mill is given. 

As usual, the main engine—a horizontal one 
in this case, although modern practice tends 
towards the. adoption of high-speed vertiejvl 
engines—drives a main shaft. hVom this 
shaft power is transmitted by rope to eleven 
countershafts, and to a twelfth by gearing. 
The couch rolls, eatsh of the throe sets 
of pre-ss roUs, the smoothing rolls, and (~[r~] 
each of the tlmee calenders, have separ- f 

ate counk'rshafts. The thirty drying L J 

eylinders are driven at four points. j | ^ 
There are eleven drying cylinders to vriLj 
the first of these four shafts, eight to 
llu* second, eight to the third, and throe to 
ihc fourth. The driving rope is in one con¬ 
tinuous length. 'I’here are five countcrsluvfts 
on one side of the main shaft and six on the' 
other. The rope is led round each of the five 
jiulleys in succession, with a half turn round 
the main drum between each pair. It then 
passes round the six pulleys on the other side 
in a similar manner, the half turn round the 
main dnim for this side falling in grooves 
alternating with those filled by the half turns 
of the other side. In order that the rope may 
be continuous, and in order that the drive 
on both sides of the main shaft may be in 
the same direction, it is necessary, as can be 
easily verified by trying a sketch of the drive, 
to provide an idle guide pulleys on each side 
of the main ilrum shaft. One of these guide 
jmlleys is arranged to act as a tighteming 
pulley which will take up the slack when the 
rope length alters from a change in the 
humidity of the atmosphere. This tightening 


I r- I 






i I 


sim^iJdpA 




Fri;. .IS.—Keitranis’ Expanding Pulley Rope Drive applied to a Large Madiine. 
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imilcy alno comeii into action, of coiinic, when the Hpoed of any section is varied. As 
sitown in Fig. r>»—^wlicroin is given a view of a somi-electrieally driven machine—the 
tightening pulley mns on a carriage on which a weight A constantly pulls. 

Among wiveral important features claimed by Messrs, Bertrams for this form of 
drive, we notice the fact that no overhead shafts are required for it. All the counter¬ 
shafts and the main shaft arc carried in pedestals from the floor, and need not be more 
than :J() in. aiiove it. The small cubical space occupied by the whole arrangement 
is also emphasiswl. Like all good drives, it nms, the makers claim, without producing 
the least tremor in th(! jiapcr. 

As an exanqikt of a imro belt drive wo may ivfer to the Lumsden patented system, 
th«! invention of Mr. Thomas Lumsden, the late director of James Milne and Son, 
Kdiiiburgh. A plan of this drive is slutwn in Fig. 60. The st<!ajn engine, it will bo se<'n, 
drives a main countershaft from whiidi power is taken through herring-bone gearing 



Kio. 6!). anti Elfctiir Drive—Berlnimf.’. 


and a friction elutc.h for the purpose of driving the drying drums. These, as shown, 
may be driven in one group by iiiflexibk) gearing, and the required variation of jutri- 
pheral speetl obteined by progressively reduced diameters. The main (sountershaft 
tlrives by belt on to two subsidiary countershafts, of which that for tlio wet end is 
shown in the engraving. Each subsidiary shaft carries as many coned belt pulleys 
as may be requii'od, say thrw, as for the couch rolls and first and second press rolls. 
I lie transmission is made from these pulleys by belt to correspondingly coned pulleys 
on separate sluvfts, from which, throu'gh friction clutches and gearing, power is trans- 
mittetl to the n'spective set of rolls. 

The featiiw of interest in. the drive resides in the slight displacement of each driven 
coned pulley relatively to the corresponding driving coned pulley. This simple 
stratagem is illustrated in an exaggeratwl manner in Fig. 61. The amount of dis¬ 
placement depends upon the distance between the pulleys and the angle of the coned 
surfaces.' By comparing the two diagrams in Fig. 61, it will be seen that the displace- 
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nient gives the belt a* flat contact over each half pulk^' surface without material 
local stretching of the belt leather. Each belt is guided at one end only. At the free 
end it finds its own position on the conod surface. Complicated belt shifters, with 
the attendant production of chafed edges, are thus avoided. The angle of the cones 



is such that a speed variation of from 5 to 10 jht cent, is available at each point driven. 
A second important feature of this drive is the use. of narrow iiigli-spccHl belts instead 
of the usual broad and slow-spoed typo. The belt speeds arc on the average 10 ft. per 
foot of paper run, always provided this doc.s not give a belt sjieed greater than 4 k 00 ft. 
per ininnte. 

The presence of a friction clutch in the driviiTg arrang(un<«nts of a Kourdrinior is 
sometimes objcclod to by paper makers. It may bci doubted if the objeettion is 
always well founded. Of the drives alritady described, 
one avoids the ub«! of friction clutches and tw'o—neither 
ot which can lx* said in any way to be; unpopular—use 
them. In the case of the expanding rope pulley gearing 
fitted by Bertrams, Limited, the clutches us*hI ai-c! of tlus 
Moore and White tj'jm, and after years of experience 
.Messrs. Bertrams inform us that these olutcluM " work 
admirably.” 

Nevertheless, the prejudice against the use of friction 
clutches dofis exist in some quarters, and to meet the 
consequent demand for something else, a form of Ixslt 
drive containing no friction clutches is supplied by 
Bertrams, Umited. The details of this drive, as appliwi 

to a roll, are shown in Fig. 62. From an overhe^ shaft provided with a cutusl 
pulley a bolt passes round a correspondingly coned pulley supported from the 
floor, with its axis at right angles to the axis*of the roll. A loose pulley is pro¬ 
vided close up against the smaller dianteter end of this coned pulley. From the 
pulley shaft the transmission is made tlirough bevel wheels running in an oil-tight 
casing. The belt-shifter is operated through a shaft from a hand lever at the front 
side of the machine. A sector plate is provided for the hand lover, and within the 
open arc of this there is a stop, the position of which may bo adjusted by a screw and 
wheel. By making use of this stop, the attendant, aftiw having stopped the section, 
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can n‘-starl it ami bring tlic belt back on to exactly the t»am« position on the conod 
jnillcy as before. If the speed was right previously, there is thus neither trouble nor 
waste of lime in arriving at it again. 

In an actual machine fitted with this fonn of drive we find the overhead shafting 
exU'iuls along the wall fron> a point abi-east the couch rolls to a point abreast the last 
(talender. An usual, the pair of couch rolls, each of the three sets of press rolls, and 
each of the four calenders, is driven by a si^parato pair of coned pulleys. The reel-up 
spindle is driven by belt from the last calender. Of the eighteen drying cylinders, 
t he first seven arc driv«fn in one, follow'ed by a separately driven group of eight, with 
allot h(‘r group of thi\!e beyond the smoothing rolls. The smootliing rolls are not in 



this ease driven separately-, but take their jiower by belt from the shaft driving the 
last of the cylindiTs. 

There an- many other systems of driving a Fourdrinier. We have seen a machine 
still at work which is driven by belts and jnilleys in the crudest manner, a manner, 
iM'vertheless, w'hich used to find great favour and which, if wo mistake not, was at 
one tim<‘ the sole occupant of the field. In this, the speed of the whole machine could 
only be varied to suit a change in the quality of paper being made by knocking off 
the main drive pulleys and substituting a fresh pair. To obtain the requisite “ draw ” 
on the paper, that is. to vary the spml of each section of the dnve to suit the 
confraeiion of the jiaper, layers of felt had to be w-rafiped round or taken off the 
subsidiary driving pulleys. 

If the improved form of belt and rope drives such as w'e have described now hold the 
field, they are certainly threatened With a rival in the application of electricity to the 
purpose'. There are at h?ast two systems of electrical drive for Fourdriniers obtainable 
in tliis country- the Matljcr and Platt and the Bertram and Happer. We give a brief 
dt'seription of the lattiw sy'stem, the patent rights of which are held by James Bertram 
and Son. limited, and Mr. J. R. Happer. of Linwood. Renfrewshire. 

'I’he objects sought in this, as in all other modern drives, are principally two. The 
sjMS'd of each section of the drive must be st'parately adjustable tlu-ough a slight 
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range t« give the required amount of “ draw ” on the paper. The eectional Kpcc<i8 
niuBt be unitedly iMljuBtablo through a aoiiBideruble range-—wiy I to 10—to suit 
ehangc's in the quality of paper "being made. This united iMljustment must leave the 
ratios among the seetional speeds unalteml. The Bertram and liapper system 
emploj's direet current. The jinsitivc and negative princi])al or outside mains feed 
positive and negative subsidiary or inside mains—see Fig. 63. Th<!se inside mains 
supply current to the armatures of tlie motors driving the various sections, each such 
motor having in its armature circuit a separate starting switch. The spivd of any 
motor can be sepaiately iidjiisted to give the required draw " by vaiyiug the strength 



of t he ouri-eiit used to excite its magnets. 'Phis exciting current is obtained from a 
S(‘parate inside main, and its strength is regulated by a suitable resistance A situated 
between this main and the magnet coils of each motor. 

A portion of the lead between the positive outside and the jjositivo inside main con¬ 
sists of the armatui'e of a direct current generator. This generator is driven by a motor 
taking current from the outside mains. The current in the generator magnets is not 
only variable, but is reversible by means of a regulating resistance and reversing 
switch B. When the handle of the switch B is at “ off,” there is no resistance in the 
field magnet circuit of the generator. The current through the coils is therefore a 
maximum, and consequently the electromotive force developed bj' the generator 
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iH alHo the niHxiinum. Owing to the manner in which the oonncctionH are made, this 
electromotive forect opiMwes that in the oiitnide mainH. It in, too, greater than the 
other. The attendant turns the handle of the resistance B until the generator eleotro- 
niotive force is redu(ied to equality with that in the outside mains, a condition estab- 
lishwl when the voltmeters C and D read the same. He then closes the switch E, 
making the oonnecstion l)ctwe«‘n the inside and the outside mains; but as the electro¬ 
motive foroc‘s ant opposite and equal, the electromotive force in the inside mains 
is zero. 

Further movement <»f the hamlle of the resistance B decreases the retarding voltage 
and raises the voltage in the inshle mains from zero upwards. When this inside voltage 
rc‘achcs the desired point each sectional motor is started up. and when all aie running 
the jiaj)ei' is led through the machine. The speed of the whole may now Is* imtntasod 
by turning the handle of the switch B still farther, until it mwihw the mid point, 
when the n’tarding voltoge created by the generator falls to zero and the electro¬ 
motive for<'.e in the inside mains is the same as in the outside. Further movenmnt of 
the r«!sistance handle reverses the current in the magnet coils of the generator and 
builds up an assisting instoad of a rttording voltage in the gcuierator. The voltage 
in the inside mains, therefort', rises above that in the outside until it reaches a maxi¬ 
mum of something like double the outside reading. The generator is thus u.sed to 
retard or to “ boost ” up the outside voltage. 'J’his part of the arrangement, wts may 
say, is well known to electrical engineers. 

It will thus he s<*<'n that when all is running the haudh's of the n'sistinict's A give 
a means of conli'olling independently the sja-ed of each sectional motor, while the 
handle of the ivsistanw B serves as a means of increasing or decreasing the speed of 
them all propoitionatc'ly and laimdtaneously. 

Iji Fig. (!4 we give the arrangement of an iietual maclunc driven by this system. 
I’l'actical experience. w<' iK'lieve, has not as yet ])ronoiinced definitely on the relative 
merits, from the purely papermaking point of view, of the iiuHthanical and tlw elw- 
trioal forms of drive. It is appaivnt, however, that with the electrical syst(“in the back 
of the inatdiiiic is kej)t remarkably clear of obstruct.ion and is much num- accessible 
than when the ordinary form of belt or rope drive is used. Further, the sjss-d both 
of the whole and of the individual part>s is as easily arranged to be controlled from 
the front of the machine as from the back, a statement w'hich cannot always be made 
coiicerning a m(x;hanical drive. 



Ree/er 
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DETAILS OF THE FOURDltlXlEU 


llAviNd (lesorilKfl in tho two preceding chapt<!rs tlie general lay-!)ut of the Four- 
flriiiier niiteiiine, and illiiKtraled variouH inetliodK of driving it, we now turn to consider 
SOUK* of its more important and more inteivsling details and auxiliaries, lu this 
ehajrter we deal with the wire (doth and the wet end generally. In our ne.\t we, will 
I'over tlu* dry «'nd and the auxiliary machiueiy, while in the sucemling one we will 
discuss t'he rmiistruction and working of some typical strainers. 

'I’Ik' wire clot h of a Founlrinier is usuitlly mmle of [)hosphor bronze. In an (‘\am}>l(» 
hefoi'o us, obttiiinerl from a wood pul}» paper mill, the (iross wii'es nuinher 44 to the 
inch, as compaitHl wit.h 74 for the longitudinal wires. 'I'lw* interstices are, therefojv, 
oblong-in shajH', with their longei- dimensions parallel with the direction of travel 
of the cloth. It may be taken as fairly accurate that the interstirws represtiiit about 
40 )M>r cent, of any given area. At about J in. in from <‘aeh edge nine of the longitu¬ 
dinal wires aiv omitted, and in their pLu;e three strands of cotton ai« woven into the 
cloth to stitmgthen the <Hlges. This cloth is a typical sample of that used in most mills, 
whatever the raw material or class of paper manufactured may be. 

The wire is such an important part of the whole macdiiiut thibt we may well discuss 
its use somewhat fully. It may cost, say, from £30 to £40, and, as it is subjected to 
many influences tending to its destruction, its life is rarely vei-y grt‘at- -five to six 
weeks being about the average. Every effort should Im' mmle to preserve it and to 
get the last W'cek of usefuhiess out of it. It may be remai'ked that it is because of tho 
harmftd effect which “ anti-cldor ” is known to have on the wire that many paper- 
makbn-s will not resort to this method of quickly removing all trace of tin* Ideach 
from the pul}). 'J'he chief source of trouble is, however, a mtx;hanical one. The cloth 
is drivf'ii by the lower couch roll, and in passing between those rolls and round the, 
breast, roll, &c., is bound to wear in time. If the wear were ovon all over its surfatM^, 
its destruction from this cause woukl oeoiipy a fairly considerable time. But it is 
not even. How’evor carefully the cloth is handkxl and looked after, it cannot altogether 
escape being slightly piiokcrcd in plaeos. Tho ridges developed may be very small 
and short, but they will receive a greater pioportiouate amount of wear than tho rest 
of the cloth, and sooner or later they will bo worn through. Skilfui darning may 
enable the life of the cloth to be prolongtxl, biit it is from the development of holes 
that the majority of wire cloths perisli. Such holes do not mean simply that more 
fibre than usual is lost in tho back water draining away from the cloth ; the danger 
of their j)resence arises f«>m tho faft that they allow the fibre to come into dir^ 
contact with tho metallic surface of tho lower couch roll. The spot of fibre then clings 
to the roll and holes and rents in the web of pajjcr result. 

If we take a jiortion of 'wire cloth and pour a little water over it, we will find that 
capilliiry attraction holds up nearly the whole of the liquid on the top of the cloth. 
In practiot' this effect is overcome in groat measure bj' the action of the large number 
•)f small tube rolls, on which, as we have seen, the w'orking stretch of tho wire cloth 
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is supported. Those tube rolls arc rotated by the movement of the cloth, and on close 
examination it will l»e found tlwt from the forward side of each one a continuous 
stixiam of water is coming away—^see Fig. 6.5. Between the rolls no water, or an 
entirely insignificant amount, loaves tho underside of the wirti 
cloth. It wiU be found that if any tube roll be stoppe<l rotating, 
as it can be, simply by holding one end with the fingers, the 
stream of water will immediately cease from it. The reason 
why the tube rolls thus tvssist to draw the water through the 
wire interstices is not very clear. It has Iwen suggested to us 
that it turns upon tho creation of a slight vacuum in front of the 
roll and below tho cloth. 

Tho extraction of the loose watci' from the cloth, and there¬ 
fore from the fibre, cannot Ikj completed within a reasonable 
length by means of tube rolls, and hence we have the reason for 
t he ado[)tion of vacuum box»‘s. 'I’he construction of a typical ijoii. 

vacuum box is shown in Fig. 66. It is a long, narrou’ eliamlK'r, 
roughly square in sr'ction and open at tho top except for th<‘ }>resemv of two bars 
which divide the whole, length into tliree equal widths. The box is some IS in. or 
so longer than tho cloth is wide. Its ends are fixed, but at. about 9 in. in from eimh 
is a screw adjnste<l false end, shapc<l to fit tightly the sc'ction formwl by the box an<l 
the two bars. The material commonly employed is beeehwood throughout : but 
mahogany, ebonite and many other substances liave been, and are, used. Brass strips 

are usually affi.\ed to t.he ends of t he Mde 
* walls, as shown in Fig. 66; and at. the 

centro of the bottom there! is an orilic(- for 
connection with the vacuum pum)). 

The false ends are adjusted to suit, tho 
width of the wire, and are ])laced so that 
tho edges of tho cloth just overlap them, 
as indicated in the engraving. The plane 
of the deckle strap, if continued forward 
to the vacuum box, may be represented 
by the line A A, so that the cloth to thti 
left of this line is carrying fibre w'hile the 
narr<»w strip to the right is free. If the 
width between the deckle straps is altered, 
tho false end is correspondingly adjusted 
so that the vacuum area—^the throe slots 
between the false ends—^is alw’ays covered 
by the fibre-supporting area of the cloth. 
The vacuum produced by the pump thus 
acts upon this covei-ed area alone, and draws the remaining loose water out of 
the interstices and out of the fibre. The vacuum pump is, it will be s<*en. not 
allowed to waste power by drawing^air in through the uncovered art!as of the wire 
cloth. It is still possible, however, that it may draw air in between the falst! 
ends and the cloth. To prevent this the space between the false end and the real 
end is filled to tho brim with water, and during the working is kept full by 
means of an india-rubber pipe delivering into it, the water being allowed to over¬ 
flow over one of the brass-lined edges. If the flow of water is properly regu¬ 
lated, a very good water seal is thus establishcii, while, owing to the presence of 




yifj. (J6.—Typical Vacuum Box. 


^ 500 ft m tn. 
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tho IuIho end, there in little danger of the water epreading over into the fibre-carrying 
ai«‘a. 

Tlic fact that the wire cloth has to rub over the surface of three or possibly more of 
thm“ vacuum boxes is responsible for much of tho wear it experionoes, and it is for 
t lus reason that various widely different materials have been used to make tho boxes. 
The degree of vacuum employed varies a little with tho custom of the mill and the 
nature of tho papiT being made ; but it may bo said that 3 lb. to 3| lb. is fairly com¬ 
mon. A higher vacuum could easily be obtained, and so far as the making of tho paper 
is concerned would probably givo good results. Rut the amount is strictly limited 
by a primtical consideration. The vacuum area of the box illustrated in Fig. 06 on a 
1(10 in. mimhine works out at, say, 375 square inches. With a vacuum of 3 Ib., and three 
vne.uum boxes altogether, there is thus the cciuivalent of a load of about tons 
pressing tho (doth down on the surfaces of the boxes. The cloth has to be driven 
against the friction jirodmxxl by this load by the “ nip ” given it between the lower 
metal-surfaced (Mjueh roll and the upper felt-covered one. If the vacuum bo too groat, 
it may Ik' impossible to drive the (doth. It may be notcul that in some modem instances 
this (litticulty, iiu't with when it is desinxl to work with a high vacuum, is being over¬ 
come to a eerf.ain cxiont by driving the breast roll, thereby assisting tho couch roll-t 
to drive the (doth. It shoidd b<^ borne in mind, however, that, apart from this difficulty 
in the driving, Ihe higher the vacuum the inoni rapidly will the cloth wear out in its 
movement over the box faixis. 

As the stidi fiows over the lip of tiu* breast box on to the wirti cloth, the fibres have 
a natural tendency to set themsedves with their Icngtlis paraded w'ith the flow. Were 
this jiermitted to pass wholly unchecked, the n'sulting paper would be disproportion- 
akdy weak as k'sted at right angkts to its length. Hand-made pajHjr is as strong in 
one diri'ction as the other bticausci the vat-maii, by shaking the mould in a certain 

manner, causes the fibres to felt together 
at ad angles. Tho equivalent of this 
shaking motion has to be given to 
tho wire cloth of a Fourdrinier, but it 
must be confessed that in no instance 
is it possible to secure tho ideal result 
achieved by the hand maker. The best 
mivchine-made paper for which we per¬ 
sonally have test results has a cross 
strength only equal to 66 per cent, of the 
strength lengthwise. Severtd others ap- 
proatih this figure, some are round about 
It) per cent, less, others show a 40 per 
cent, ratio between the Arengths, whde 
one shows a ratio of only 34 per cent. 

This departure from perfection is 
ready not of much practical import- 
Fki. (.7.— Shaking Arrangement. < ance, for so long as the cross strength 

is sufficiently great, it rarely matters 
whether the strength lengthwise is equal to it or greater. The object of shaking 
may be said not to be to produce equity of strength, but to obtain a cross strength 
of the required amount. 

^ Many mctliods of imparting tho “ .shake ” to the wire cloth liavo been tried. In 
practice what it works down to is this: The ends of the wire cloth frames next the 
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couch rollf* are supported on vertical pivot pins, wliilc the breast roll ends of the 
frames are support! flexibly in such a way that they may be vibrated horizontally 
through an amplitude of about 1} in. at a rate of two or three hundred vibrations |)er 
minute. The shake thus gradually decreases in amplittide towards the couch roll end. 
at which point it becomes zero. A common method of sup¬ 
porting the wire cloth frames in order that tlus shake may 
be communicated to them is to hang the breast roll ends on 
bronze or other plate springs—s»«> the sketch Fig. 07. The 
vibration is communicated to the frames by moons of rods 
and a small crank on an overhead sliuft provided with a plain 
— not stepped—bell cone whereby the spe<xl of vibration 
may be varied. Fig. 08 shows diagrammatically another 
form of shaking arrangement whereby both the speed and 
the amplitude of the vibrations may be adjusted. 

In other instances the frame is supported at short intervals 
throughout its entire length on “ needles,” that is to say, on 
stmts having ball ends which engage sockets on the undemde 
of the frame and on the floor. 

To provide for the shake the frames, as we have said, work 
on vortical pins at the couch roll end. In most cast's it M'ill 
bo found that these pins are thcmst'lvcs carried on members 
which are mounted on horizoiital pins, so that, in elTect, the 
couch roll end of the frame is siipportt'd on a universal wmp- 
luig. The reason for Ihis hi that the breast roll end has to 
be capable of being adjusfetl vertically so that the wire cloth 
may be given the best amount of incluiation to suit the quality of paper Iwing made. 

It may bo explained here that some time ago ])atent rights were granksl in thi.s coun¬ 
try to a German for a metlwxl of working in which the breast roll end of the frame 
could be raistid by as much as 14 in. or 15 in. above the other. The granting of the 
patent was contested successfully in the Courts, for it was established that for many 
years it had been the common practice in certain mills to work with the wire cloth 
in other than a horizontal position, although the elevation given to the breastt roll 
end was at that time not usually as great as that contemplated in the patent. 

If the stuff as it passes from tlu! breast Iwx on to the cloth bo observed, it will be 
seen that for the first 4 ft. or 5 ft. of its travel on the cloth the flow forms into waves 
fairly [lerslstent in size and position, but grailually dying out towards the end of the 
length named. The explanation is to lie found in the fact that it takes this distance 
of 4 ft. or 6 ft. before the vchanty of the flowing stuff can rise to the speed of the wire 
cloth. As soon as the two arc equal, tho waves die out and the stuff spreads evenly 
over the surface of the wire. It might Im possible to overcome tho difficulty by giving 
the stuff a “ head ” before it flowed on to the wire, thus increasing its initial velocity. 
In practice, however, it seems to be found best to increase tho velocity by causing the 
stuff to flow downhill. This i.s the explanation of '^hy the breast roll end is arranged 
to be made higher than the other. It is oleiu' that if the wire cloth be kept Imrizontal 
it wiU take so much longer btffore tho wave formation dies out, or, alternatively, by 
BO much will tho sijeed of tho cloth have to be reduced. Either an excessive lengtli 
of the wire cloth has to bo allowed for the dying out of the waves or tho output of tho 
whole machine has to bo considerably reduced. The important effect of elevating 
the breast roll end of the wire cloth is thus apparent. In the case of the Daily 
Tdegrajih 134 in. machine referred to in our seventh chapter, the elevation of the 
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breast r«)ll end of the \vm! frame above the eone.li roll end can be adjusted betwwn 
Kero and (> in. 

A detail<-d drawing of Ihe wet end of a matdiine recently eonstnieted by James 
^lilne and Son. JJinited, of Edinburgh, is given in Fig. (tf). This drawing, besitles 
showing s<'veral otlier int('resting jioints. illustrates an ijiiproved metluid of supporting 
the breast mil end. 'Jim form of sujiport adopte.d provi(U>s both for the aecomnuHlation 
of the- shake and for the elevation of the breast roll «‘nd, of which wt! have spokiai 
abov<‘. iiie si(h‘ bill’s of the. wire fi’ame consist of thick brass tubes 4 in. in external 
diameter. Both lliese tubes are strongly trusscsi. for they are not supported from 
the gi'oiind in any Wiiy (’xe.ept at the ends. At the forward (sid each bar is separiitely 
sup))orted on a lw'o-]»ivot arrangement of the tyjie iiliviuly r<‘fi'rn’d to. At the breast 
roll end l.wo <!ast iron ]iillars an; bult'cd to the bed jihite, and each of these supports a 
hand-iwljusted sliding lu’ad which works against a graduati'd scale on the pillar. 'I'wo 
plate springs 4 in. wifle by i in. thick connect each .sliding head with the, end of the 
corn’sponding tubular side bar. 

Small adjustments of the inclination can with this arrangement readily be made 
while the machine is running. If tlu' elevation reipiired is considerable, the machine 
has to b(! st.o|iped. for it. will then .Is* msiessary to adjust the vacuum boxes to suit 
the new position of the wire cloth. 'J'lu' two vacuum boxes aiv supported by a jiair 
of hori'/.ontal bars, tlm ends of which embrace standards proviiled with a screw-thicad 
and nuts. By these means it is possible to incliiU’ the viMmuni boxes similarly to the 
wire cloth. The <landy roll brackets and the forward jiair of deckle stra)) pulleys 
are carried on Ihe vacuum box sujiports. 'I’lie interineiliate and ri’ar deckle strap 
jmlleys and Ihe breast roll are carried on the tubular side bars, whih* on thi‘ trussing 
beneath these bars I w'o of the guide rolls for the return of the wire cloth are journalled. 
.\11 these parts, therefore, paitake of the adjustment of the inclination. The copper 
“save all" tray bem-ath the wire cloth is sejiarately siqipovtisl from the ground 
and remains slationan-. 

Bcl'oiv leaving Fig. (lit, we may ccJl attention to th(‘ mctluHl which it shows of 
adjusting the pressure of the upjier felt coveivd couch roll against the lower brass- 
sheathed roll. It will be seen that the pressure is produced by, weightetl side levers 
ami is under the control of a hand wheel whereby it may be relievcxl when the machine 
is idle. On the t.oji of 1 h<> upper roll there is to be seen a wmslen scraper or “ doctor,'’ 
which, together with a watir sjiray. serves to kecj) th<‘ hdt surface clean and free, 
from iulhering ])arlieles of libre. .V <•leauing arrangement for the wire cloth on its 
return side, consisting of a water sjiray. a. (i in. coppiT roll and a wooden seraj’.er, will 
be noticed beneath the vacuum boxes. 

By reference to Fig. tilt, it will Im seen that the wiiv of a F’ourdrinier passes at. ouo 
end round the breast J'oll and at the other round the lower couch rotl, that on its top 
stretch it is sn])ported by a series of tube rolls and the up})er surface of the vacuum 
boxes, and that on its lower or ixiturn side it. passes over oi’ under tw'o or more wire 
rolls and usually a wash roll. Of all thest; rolls not one is pnivided with end llanges 
Irntween which the wire, might run and by w Inch it might be held from moving from 
one side to the other. The, vacuum boxes ai'e likewise not provided with tlangcH. 
So far as we know, thpiX’ is no mechanical iHiticulty to be faced in )>roviding thc’SO 
flangi's, but they would-be quite unpractical, cuid on no lUtachine which we have seen 
or know of are such flangi's to be found. 

Yet the t-eiulency of the wire to run or crc<ip over towards one side or the other is 
(piitC marked, and must, .of course, be prevented at aU costs, or the machine would at 
once break down. The slightest irregularity in any of the rolls either in their diameter 
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or in their alignment, and many other causes, will result in the wire cloth leaving 
its central position. In practioo it is found that the wire has a tendon*^ one moment 
to move towards one side of the machine and the next towards the other. 

The simplest and best method of preventing this objectionable habit seems to be 
not to jiTovide flanges on the various rollers but to fit a device known as a wire guide. 
This <levice acts in conjunction with a guide roller over which the wire passes after 
leaving the last vacuum box and l)cfore reaching the couch rolls—sec Fig. 69. The 
wire is driven by, and—in nearly every instamse—solely by, the lower couch roll. 
It is found (piite possibh* and to be best tc» guide the whole round of wire from a point 
sitiiat^sl on the up|K“r stretch close to the couch rolls. 



l''io. 70. The Scicuncs Wire (iuide—-Ucrlmius’. 

« 

At the guide roll the wire hitherto travelling in a substantially horizontal plane dips 
down at a f»iir angle to the couch roll. The spindle carrying the guide roll on the far 
side—as stien in Fig. 69—is mounted in a bearing which can swivel upon a central 
vertical pivot. The front journal can move horizontally either to the left or right. 
The guide roll can thus be set at an angle across the machine on either side of its 
central or neutral position. With the guide roll in the neutral position, let the wire 
creep over to the front of the machine, that is, the near side in Fig. 69. Move the front 
journal of the guide roll to the left. The wire will respond by creeping back to its 
<K;ntral jtosition. Similarly, if the wire creeps over towards the back of the machine 
a movement of the front guide roll journal to the right will bring the wire back to its 
normal course. The reason for this action of the guide roll is clear on a little reflection. 
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According a« the front end of tlie guide roll Ih moved to the left or right, bo iB the ten- 
Bion increased or decreascHl in the front edge of the wo cloth relatively to that in the 
back edge. The wire tends to move over towards that side in which the tension 
is least. 

The object of a •wii’e guide is to effect aiilimiatioally the movement of the guide 
roller so as to check the OTceping of the cloth in the above manner. There are many 
forms of automatic wiiv guides on the market. Wo iliiistratc one form, known as tho 


“ Sciennes ” wire gniilc, and made by Bertrams. IJmited. In Fig. 70. A is the front 
end of tho guide roller, the horizontally inovabk! journal of which is contained within 
the bracket B. This bracket, suitably supported, has a forked lower end through 
wiiich a right-hand square-t Invaded s])ind]e passes. Betwwii the forks a tapped 
w’hwJ I) w'orks on the spindh*. The wiges of this w'luvl ant serratwl as show'ii. A 
double pawl pieev, in the form of a hoi-seshoo, is designed to engage the serrations. 


This pawl piece is constantly reeijno- 
cated in a verfical direction by means 
of th(‘ parallel motion E and an ex- 
eentrie F fixed to the end of the guide 
roll spindle. The pawl piece' is con¬ 
nected by a stout )iiece of brass wire O 
to one arm of a bellcrank lever H, the 
other arm of which siij)poris on a screw 
a flat bar of wood J. This bar carri«‘8 
a verl.ical brass spade K situati'd (dose 
up to the cflge of the wire cloth. 

When the wiw cnvps over towards 
the front, it j>ress<‘s on the spade K and 
through tho members H and G throws 
the right-hand pawl into engagement 
with the serrations on its side of tho 
wheel 1). The reciprocation of the pawl 
piece then causes the w'heel to rotate 
and move on its scivw tow'anls the left, 
carrj’ing with it the bracket B. The 
bar J extends right across to the other 
side of the win! and there carries a 
second spade. This spade causes the 
left-hand pawl to come into action with 
a reverse result, when the cloth creeps 
towards the back of the machine. 

When a Fourdrinier machine is being 
started up either at the commencement 
of a week’s run or after an accidental 
breakage of the web. it is very desirable 
in order to facilitate leading the paper 
through the rolls and over the eylinden) 



PlO. 71.—Gveig’a Spray Cutter- Ik-rtraiUK, 


that the end of the web should have a “tail end,” that is to say. should be brought 
to a point so that the machine-man may readily take hold of it. An apparatus, 
patented some considerable time ago by Mr. John Greig, the manager of the Daily 
Tdf-^imph mills at Dartford, and made by Bertrams, limited, of Edinburgh, permits 
this tail end to Im readily formed by mechanical means. 
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Tlu“ a])])ai'aiiis ivIomNl 1«> is known as Gvcig’s spray (tiittor, and is illustrated in 
position in Fig. 71. .A brass ttilni A is fixed across the wire frame at a point just after 
tlie last vacuum box and Iwfore the (soueli rolls. This tube is slottol from end to end 
on the underside and guides and sn])ports a sliding nozzle, the point of which lies at 
about • 2 ), in. above the surfacie of the pa)H'r as it passes forward Ix-low the ])ipe on the 
wire cloth. 'The nozzle is eonneet>ed by a smalTbore ruJ)be.r liose-pipc with the water 
supply. When if is T'«-(nni-ed to form the tail end. water is turned on and the nozzle 
is pushed across the uiaeliiiut by means of th<' hose-jujm in tlu- direction from B t»» ('. 
'I'he paper being as yet <piite soft, is cut diagonally, as at 1). by the force of the jet 
issuing from the nozzle. 'I'he tail formed can Ik- iniule broiul or sharp by varying the 
sprs'd at uhieh the jet is traver.sed within the brass pi[)e. 

■A slight ly dilTerent form of water cutter, but one acting on the same ])riiicij)le as tlu' 
iibove. is indicat(Ml in Fig. liO. 

'I'he leading rolls over which the paper passes at tin- wet <“nil pres<‘nl one of the 
many minor probhuns to be solve<l by the designer of the perfect Fourdrinier. It is 
obvious that as the pa])er jiassing over these rolls is as yet not dry and is. theix'fore, 
weak, it is not altogi-tlu'r desirable that we should trust for their rotation solely to the 
pull of the pa|M‘r. Hall iHairings help considerably, and are eoiunionly adopted. Hut 
tiu' iindriven leading roll, even when so |)rovid<-d, is a source of some trouble when tlu' 
web is iM'ing lisl through lh<- machine at the start of a fresh spi'll of work. The rota^ 
tion of each roll has to be st.arted by hand for the strength of the papc'r may not be 
siiflieient. to proviih' tbe ]>u]l required during the piu'iod of acceleration, although it 
may be siillieient to keep the roll rotiiting once it is starteil. 

ruder the eireunistanci's it is natural to timi that many attein])ts have lus-n imide 
t<i drive the leading rolls by ))ower. It might be thought that, if they wei-e <lriven 
positively, as by gearing, from the mljaccmt press roll or other driven part of the wet 
end. tiiatfers would ]irov<‘ satisfiM'Uiry. Such, we iindtu',stand, is not the cfise. and 
mo.st attempts to drive leading rolls positively have jwoved failures. 

I'lider Hertram and Milne's ])atent, Ihu'lrams. Limibxl. have introduced a form 
of j)ower driven leading roll for which conqilett- success is churned. 'This roll is illiis- 

tr:ded in Fig. 72. It consists of a brass 
or cojijier tub<'j>rovided with nnnovabh' 
ends and mounted loosely on athorough- 
going spindle. 'Phis s|»indle is driven by 
belt at a slightly higher rate than would 
72.-P.m.r-.liivvi. I.i'iidiiig rccpiired to give the roll if it were 

fixed to the sj)indl<> it peripheiivl speed 
etpial to the speed of the )ia|ier. 'I’he roll is rotat(‘d solely by the friction jtrodiiced 
on 1lu‘ spindle by its own weight. When the ]ia])er is being led tbrongh. the end of 
the web is laid on top of the leading roll. 'This at the moment is rotating as fast as 
its s]iin<lk' and then-fore jndls the slack of liie ]>aper forward. 

As soon as t he slack has been disj)osed of, t lu- jmll in the ])api-r redue«-s the speed of 
the roll against the friction drive to the ap])ro|i]‘iate pi-riphcral annmnt, whereupon 
the roll settles down to assisting the paper along. 'I’his tyj)e of ndl. it is claiimnl. is 
particularly suited for high-sjMX-d machines and foi- imiehines ttirning out thin and 
tender paper. Fxisting rolls, we understand, can leiulily be altered t<^ this system. 





('irAPTKlf X 


I)1':TAI1.S ok THK KOUUDRTNIKI? (amUmiat) 

'rm-; utiifT olu'sts. (o M'liicli tlio ))iilp in dclivorcil from llic or rcliiiiii^ riigiiif 

iiinl Avlictico it in tluiwii an irriiiiivil l»y tlu> KoiinlriiiiiT. aiv iiniially at leant two in 
iniinlier and aiv noinetiiiien ooiinlrueletl of concrete'. ,Moi-e coininonly they ai-o <»f 
cast iron, an nhown in Kijjin. 7.*! and 71, where netn hnilt h_\ daine.n Milne and Son, 
Liiniled. of Kdiidnirjeh. are nhown. Tin* jointn hetwee'ii the neclionn of the tanks ar<! 
nniially iinwle with Poitland eenienf, and Die innitle in finished off with cement and 
tiles. An the jndp. if let to stand, will ni'ttle, a^itatine meann have to he provided. 
.\ti shown in Kijf. 7.‘(, thin may consist of a ncre'W projicller fitted to the end of a vertical 
shaft, driven through hevel oi'arine. and a clutch from a hori/.oiit>al shaft nerving 



both chentn. 'I’he propeller runs at seven to niiu' revolutions ])er minute, aiul each 
alsnorlis not more than two horse-power. The end of the ])ropeller sliaft in Kig. 7:t 
is supported in a simple footstep la-aring fixed to the bottom of the tank. In the 
chests illustrated in Kig. 71, the footstep bearing is at the bottom of a pijie which 
extends upwards round the shaft to a )>oint tfbove the level of the pulp. thereb 3 ’ 
exeluding water from the bearing. In this ease the agitator is not a propeller but con¬ 
sists of two arms de|jcnding from a cross tree fixed to the shaft just above the pipe, 
in other examples using a jirojieller agitator, the centI’al shaft wih be foiintl to extend 
through a parking ghntd in the foot of the elu-st and to be supported in an external 
footstej) bearing. In others, agitin, the shaft may Im sus[tended from an overhead 
ban (.hriist bearing. The chests illustrateil are provdded with copper outlet pipes of 
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7 in. boi'd or thereabouts and with suitable wash-out valves draining from the lowest 
point of the cumbered bottom. 

What the papermaker calls “ back water ” is the liquid which drains off from the 
pulj) through the wire cloth. A further supply of back water is extracted from the 
sheet of fibre by the vacuum boxes. The liquid is not pure water by any means. It 
contains quite a perceptible amount of fibre, together with a more or less equivalent 
])ro|)ortion i>f the sizing and loading materials added to the pulp in the boaters. Efforts 
to save tins material should, if possible, be made in the interests of economy. 

One metluMl of doing so, to a very considerable extent, is by the use of stuff-catchers 
or <s!i)noniist*rii. A stuff-catcher made by James Berti'am and Son, Limited, under 
th(! Fiillner ])at,<u)t, is illusti'ated in Pig. 75. The back water is colle(;t(Hl by suitable 



Fu!. 74.—(Just Iron Stull ChcMts—Miliic. 


wooden troughs, and is pumired up to a high-level back-water box shown at A. From 
tills, ns much of it as may be desired can be drawn off to dilute the flow of fresh pulp 
passing through the mixing box B on its way to the sand table C. I* this way a fair 
proportion of the back water is returned direct for a second passage over tho wire 
clofh. 

The bulk of it, however, overflows tho box A and runs down into tho stuff-catcher 
—a cylindrical coiu^d vessel commonly made of sheet copper. In this it is allowed 
to settle. The clear water ascends' within a conical central baffle from a circular 
internal lip near the top of which it flows off bj' way of tho outlet D. The thick 
stuff at the bottom under the hydrostatic head of the water within tho vessel can be 
drawn off by way of the pipe E and discharged as a continuous stream into the mixing 
box B. 

We nr<^ informed that several mills using these stuff-catchers have reported an 
increase of as much as 2J per cent, in tho output of paper since they adopted them. 
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The average of a number of tests conducted at the Springfield Paper Mills, PolUm, 
has, we understand, shown that in a gallon of water going into the economiser then' 
were grains of fibre, &o., while in a gallon of the outlet water the quantity was 
about twenty grains. It may be suggeatod that in the back water there will bo a higher 
percontago (f si/.ing and other materials relatively to the fibre than in the original 
pulp, so that when the caught ktuff is returned to the mixing box the result is to deliver 
to the Fourdrinior a more richly charged pulp than that delivertxl from the stuff chests. 
Wo believe this is actually so, and tlmt tests reveal 2 to 3 })er cent, more residue in 
the paper when the economiser is in use than would otherwise be the caw. Clearly, 
then, the economiser results not only in an inerttase in the output of paper but can 
be the means of saving (piite a j'csjKsctable amount of chemicals in the course of a year. 



A considerable number and variety of pumps arc required in a paper mill. In nearly 
every case a paper mill, like a brewery, pumps its own water supply. In the process 
of preparing the pulp, as we have seen, pumps are frequently used in the carriage of 
the stuff from one machine to another, although as far as possible gravitation is taken 
advantage of for tins purpose. The bleach liqxior after preparation, usually on a lower 
floor, has commonly to be roisetd to a higher level to reach the potclung and bk'aching 
engines. For this purpose the use of pumps is being disoardod by some, as it is found 
practically to be impossible to construct them so that their parte shall successfully 
resist the corrosive action of the liquor. The simplest solution is to prepare the bleach 
on the floor above that on which it is to be used. The majority of mills, however,— 
for some reason which is not quite clear—^liave their bleach mixers on the ground 
floor, with the potchirg engines above. At one mill so arranged which we have visited, 
the liquor is raised to a storage tank on the floor above by admitting it to an air-tight 
vessel and delivering compressed air on top of it. 

Ut the pumps connected more directly with the Fourdrinier there are in general 
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four kinds, nftmoly. for ilio vacuum, for Hio stuff before it reaciies the macliine strainers, 
for tile back water and for any excess water—more or less pimi—which may originate 
at the wet end. Th<) back water and the excess water pumps are sometimes of the 
cenlrifiigivl type. ’I'he stuff jiump is usually of tlie plunger ly|H‘. ivi it has to handle 
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t hii-k nial.(‘rial. The \acimni pump is also comiAoiily of t he recijirocating tyjie. 'I'liree 
pun)|is representing modern practice are herewith illustrated. 

There are many ilesigns of vacuum 
pump on the market which arc' suitable 
for working in conjunction with Four- 
drinior vacuum boxes. Jn Fig. 7(1 wo 
illusti'ate one form, as made by .fames 
.Milne and Son. Jamited. As shown by 
the cross section—Fig. 77—llu' internal 
amingement reminds one of a Koof.s 
blower. In the suiallei sizes the two 
shafts arc eou|)lod t^igotlu'r. as shown 
at A in Fig. 7<>. by a pair of cut steel 
spui’ gears situated at. the end remote 
from the bell pulley. In the larger 
sizes a seciond pair of sm.h gear whi'ids 
is added at the point where, the Ix-lt 
pulley is shown in Fig. 70, the jmlloy 
being then moved over to the left so 
as to overliang the outer shaft bearing. 
'I'he largest size of this type of pump 
weighs about four tons and is cajiable 
of displacing about 780 cubic foot per 
niinuti*. 'I’he shafts cairying tlio oetoids 
ari' of gieak-r diameter, for they have to n'sist the shocks produced by the incidental 
call ou-th<‘ puni]) to deal with water, or water and air mixed. These pumps arc 
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Koniptiinos iiii«!(' entirely of brass, with brass rotoi-s. or they may be lined with tliis 
metal. 

Another form of vaenum pump by tJm sanm makers is ilhistratwl in Fig. 7S. This 
is of tl)e horir.ontai duplex double-acting piston type, and is particularly intended 
for running with large, fast machines. 

'J'wo sizes are iniwle, nanu'ly. 14 in. 
iUaineter by 12 in. stroke, and IS in. 
by IS in. Tlu're may b(i three of these 
pumps for each mi’A'hine in the mill. 

All exactly similar design of piini]) is 
imule for dealing with the backwater. 

For handling the stuff on its way to 
the maidiine. pumps are usually re- 
ipiircd. .Vn example of such a stuff 
piiui]). a> made by Messrs, ^lilne for 
some of tlu' largest "news'' mills in 
this coiinliy. is illustraleil in Fig. 7!t. 

This set has tlu'i'e plungers, each 12 in. 
in diauieler witli s. 12 in. stroke. 'I’he 
inlet, and outlet, valves are iM'ranged to Is' very readily accessible, as is iwcessary 
when we havi' to deal with e. liipiid of the lukture implied. There are usually two 
si'ts of (hesc pumps for eaidi Kourdrinier machine. 

\V<’ now return to tin- uu'.ehiue itself r.nd discuss one or two of the details <-onnecteil 
with the drsiug evliuder'. and the dry end generally. 

Till- design and construction of the 
('rying cAlinders arc matters reipiiring 
\' ry i-i',refill attention. The pressure of 
t!ie heating steam I'ommoiily used is 
not great ; indeed, the exhaust, of the 
engine driving the Koiirdrinier is siilli- 
ci-iit. Hut Ihesisiain has to be admitted 
into till' interior of the drying cylinders 
and t he water of <■on<lensation e.xl.ructed 
therefiom without a trace of inoistiira 
ler.kiiig to the oiilsiile. wlwre it Avoiild 
at oiic<‘ spoil the pa|H'r being made. 

Th<‘ cylimb'i's are ordinarily made of 
cc.sl iron, and, were it practicable to 
ci'.st the. barix‘l. the ends and the trun¬ 
nions all ill one {licce. it would no doubt 
prove Ik-sI in practice. In default of 
this, the ends are commonly bolted on 
to the barrel—a practice which cannot 
boti'gardiMl as ideal, although wit.h care¬ 
ful workmanship and iipkirp it no 
doubt answers its purpose. 

The patent'ixl desigr. of end adopted by •lames Jiertraiu and Son, Limited, in many 
recent instances is illustrated in Fig. 81). 'I'ho bamd, a short distance in at each oml, 
is forimxl with a Hr.iige having a ring turned on it. Outside this flange the inner sur- 
facti of the barrel is coned and roughened, as shown. The cylinder end is cast in one 
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with the tnmnioiiH, iind is turned to fit tightly on to the ring of the flange inside the 
barrel. Its etlge is coned and roughened like the adjacent portion of the barrel. The 

«nd having been driven into position, the 
conical annular space between the rough¬ 
ened surfaces is caulked up with a pre- 
A -i 1 1 paration of iron rust, which forms a solid 

‘*'1 setting. The fit at the ring, the 
contact between the faces and the filling 
material form three separato defences 

HHI___against leakage, wliile the conical form 

H ■ of the roughened surfaces prevents the 

■ I ood from Iming blown out under the mild 

I I pressures in use. 

--Manholes have, of (sourse. to be pro- 

P ' on n . vidod in the cylinder ends. The form 

Is.. 80.-l),v.„g t WuMl-r ]..nd-J«mo^ licrtra,,,. adopted by the same firm is sliown in 

. . section in Rg. 81. Two oval covers, one 

inside and om* outside, are employed. The connecting studs are weU away from 
the^ joint and do not pass through the inner covi'r into the steam siiace. 

Generally speaking, it is a good deal 
more difficult to arrange for the satis- 
factory removal of the condensed waUu’ 
from the drying cylinders than to ad- 
mit the steam. The obvious difficulty 
is to draw off the water without 

allowing some portion of the steam to t’lo. 8i.-Maiihole Covere-Jamus Bertram. 
esca|H!. 


The quantity of steam used varies a good deal with the design of the machine, the 
quality of the paper being produccti, the humidity of the atmosphere and other factors. 
But to give an approximate idea of the quantities involvixl, wo may say that for 
everj' pound of paper produced we could expect to find three pounds of exhaust steam 
consumed in the drying cylinders. Bet us take the case of a machine producing 
KKK) lb. of paper per hour and having eighteen 48 in. by 100 in. cylinders running 
at ten revolutions per minute—or 126 ft. jier minute. The steam consumption works 
out at under 3 lb. per minute for each cylinder, or, say, a quarter pound per revolution. 
This is the amount of condensed water which has to be removed, and, small as it is, 
it no doubt gives a considerable amount of trouble. 


One method—that used by James Bertram and Son. Limited—is illustrated in 
Fig. 82. In this, a brass pipe A stretches across the full length of the cylinder. Its 
emis are stopped up and are held in suitable brackets attached to the inside of the 
internal flange already referred to in connection with Fig. 80. A longitudinal slot is 
cut in the pipe, and into this is inserted a tongue B of sheet copper. Bolts C pass 
tiu-ough the pipe and close the slot so as to hold the tongue firmly. There is no move¬ 
ment of the pijKs and tongue relatively to the cylinder. They merely form a baffle 
or pocket which scoops up the water during the lower half of the rotation. During 
the upper half of the rotation the water passes through holes cut along one edge of the 
slot into the pipe, iwid thence down the pipe D into the hollow trunnion. At the end 
of the trunnion there is fixed a cap in which a semi-circular port E is cut. This cap 
works within a fixed gland provided with an exhaust connection at F. For l»tlf of 
each revolution of the drum—the upper half—the port E opens the passage F to the 
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condenBed water. During the lower half of tho revolution the exhaust passage is 
olosed and no unoondensed steam can escape through it. 

Quite a different system is adopted by Bertrams, Limits. This firm’s practice, 
under Milne’s patents, is to make use of tlie one trunnion for both the admission of tho 
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Km. 82 .- Water I.iflcr for Drying Cylinders—Junica Burtrani. 


heating steam and the exhaust of the condensed water and to employ a lifting bneket 
only 15 in. or so wide insteml of making its length equal to that of the cylinder. 

The connection at the trunnion end, as used in this system, is sliown in see.tion in 
Fig. 83. The stem A is fixed to the truimion end and carries a ring B of gun-metal 
to serve as an abutment for the packing 


G. Beyond the ring four ports (! are cut 
in the stem, wliile its end is screwed trt 
receive the internal pipe H. A wlute- 
metsd bush D fits over the end of tlie stem 
and is rotated therewith, the eoimcction 
being made by means of projetdiions on the 
one and recesses on the other. 'I'he whole 
is enclosed in a stationary easing provided 
with a steam iidet F and an exhaust outlet 



J. Tho pipe H is thus constantly in com¬ 
munication with the exhaust branch J, while the annular space outside it is also 
constantly open to the steam supply through the ports C and the chamber between 


the ring B and tho bush D. 

The whole arrangement is shown in place in Fig. 84. 'The exhaust pipe H is conmotod 
by a radial pipe with the water-lifting bucket, tho section of which is shown at K. 
From this section it will bo gathered that the arrangement works equally well whether 
the cylinders run in one direction or the other. A trap L prevents any water in the 
horizontal pipe H from running back into tho’eylinder when the bucket descends 
through the lower half of its revolution. The external exhaust branch •! leads into a 
trap M of the float type. The trap casing comprises two mwii chambtirs separated 
by a wall which reaches almost to the underside of the top cover. Into tho smaller 
chamber the exhaust pipe leads, and its end hero is always water-sealed so that no 
steam can escape past it. The float is open at the top, and is provided with projections 
round its lip, so tliat even in its highest position a passage way for water is left into its 
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intpririr. 'J'Ik' fixed tube tliroiigh tlie eentre of the float has openings near its lower 
end, through wliicli water may pass from the interior of the float into the discharge 
main. The (iondensed water flowing over tlie lij) of the larger chamber raises the 
float and eaus(‘s it 1o close the o|KUungs in the e<‘ntral pi})e. More water coming in 
flows into the interior of the float, weighs it down and escapes through the o[)enings 
to the exhaust main. It is claimed that this trap is sensitive to a variation of j; in. 
in the height of tin* water level, iMilwisen which limits it will open and shut. 

It may 1)0 Jioted here that the U‘mj)(‘rature of each cylinder- i^nd therefore the prer,- 
snre of the steam wit.hin it.—is usually adjusted so as t.o ino'ease slowly and pro¬ 
gressively from the first, to the last, cylinder. If tlu' j)aper b(‘ dried t.oo suddenly, 
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the sudden contraction will (tiiusc it to cockle or blister, tts t.he papermakers ciill it. 
Hence the grmlual tlrying aimed at. Ry the time the j)a|)or wndies the last drying 
cylinder, it. is so hot t hat the hand ciimiot comfortably 1 h* phtcwl on it. On its jiassage 
through the calender immediately irfti'r, the “ fire ” is sometimes taken out of it by 
causing cold water to circulate through certain of the caleniler rolls. 

An interesting ju)int connected with these same calendcj' rolls may also be mentioned 
here. The rolls may be, say, 2l» in. in diameter, while the s|km:h1 of the paper may be 
250 ft. per iniiinte. Lt<t us siippos«* that the diameter of the rolls at the middle increases 
owing to thermal expansion by one-thous»indth of an inch w'hile the diameter at the 
ends remains constant. The circumference of the rolls at the centi’o has increased 
by one two-hundredth per cent., therefore" the length of papc)' passtnl between them 
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at this point por miuuk' i*s not 250 ft. but 250 ft. 0‘15 in. Reels of paper 8000 yards 
long are euniiuonly turned out for newspaper jnirposes. Siioh a re<“l. if etileiidered on 
these roUs, would be 14 in. or so longer at the centre tlian at the edge's. It hardly 
sounds M'orth talking about, but our ealculation cannot take aecount of all the con¬ 
ditions and undoidrteflly errs on the side of nuKlesty. Actually, however, the increase 
of length, while of little inoiuent in itself, produces a \’isible iwult. Each foot of paj)er 
has to ticcommodate its own increase at the centre. Thi' siiHace of the j)a{Mtr, therc'- 
foro, buckles by an amount siirju'isingly givat for the; small linear inereiise involvtsl. 

In pi'iM’.tice, ditl<'rential e.vpansioii «if the calender rolls ma_^■ jirove a source of si-rious 
trouble for the reasons we liave attempted tlius to indicate. .At’ a certain mill which 
we recently visitwl. we saw the diffi<nilty being overcome by arranging for the d»'- 
liveiy' at will of a blast’ of cold air on to the expanded part of any of the rolls at what¬ 
ever jioint in the length it was situatisl. We believe tbe system ri'feris'd to is patented, 
but we have been unable to discover the maker's name. Th»> same idea is t<i be sts-n 
appli(Ml to the eak'iider rolls of the Dailii Tvliyru/i/i 154 in. machim*. 

The endless bands of fell eniployeil in eonneclion with the diyiiig drums are worthy 
of some attention. They h.-ive. of course, to move with the paper and drums, and am 
used with the object of hokling tbe web in elos<! contact with the <’ylindrieal metallic 
surface, so producing tlw iripiisile amount of friction between the two for driving 
and leading-through purposes which otherwise would have to be obtained by a)iplying 
a considerable amount of tension to the pai)er itself. 

In arranging the felts proper provision has to be made for ensuring that they are 
kept fairly dry. that the tension in them ine.y be adjusted to the right amount, and 
that they may run stretched in the transverse direction and nut be alhnved to pucker 
up. 'I'lie Felts nntiir'iJly absorb a fair amount, of moisturi' from the. paper. In some 
eases this is removisl from the felts simply by relying on the heat passing from the 
drying cylinders through tb.- paper. In other insfanei'S. eaidi felt on its idle I'eturii 
side is made to pass round a sejiarate drying <>yliuder of similar or tin* same design 
as that of the ))aj)er cylinders. There is usually one such cylinder for each of the iVdt 
bands. They’ are mounted above the main cylinders on the siuue frame for the felts 
si-rving the upjier row. and la-low I la- lloor level for the fells of the lower row. 

The projier degns- of tension is ap])li<‘d to I la* f'-lls by mi-ans of suitabh- hand- 
o]M-raUsl " sU-nting ” rolls mountwl slidably in guides on the main frame. To main¬ 
tain the proper degree of transverse stretch in the felt, one or more of the rolls over 
which it jiasses may have raised on its surface a right hand knuckle thread a,t the 
right-hand end. and a left-hand thread at the other. 'I’hese threinls. when the i-oll 
is rotating, naturally tend to forw eiwdi wlge of the felt outwards and so keep it 
from civeping into puckius. 

If Fig. 54. page .57. is cari-fully studied, it will be found that the fir^t Iwo drying 
cylinders arc not embraced by a felt band. In some liases three of the cylinders ai’c 
left unfelted. In others, again, it will be found llu-.t. while the fir.st. or the lirst and 
the second arc uiifelted, the succeeding eylindei has a smaller proportion of its eir- 
cuinferenco thus engaged than the remainder. Occasionally all the cylinders are felted, 
but the commoner }>raetie<! is the other way. The reason is somewhat curious. It is 
found that if the earlier cylindei’s arc fully fell.ed. the china chry, &c., in the ])a])er 
very quickly accuiuulat'c on thi-ir surface to an objectionable extent. 'This is duo 
to the paper Iwing still fairly dam)) atid to the |)ressure of the fi-lt u])on it. By the 
time the thinl eylindei- or so is reached, the pajicr is considerably drier and the jiressuro 
of the felt no longer seems to have its harmful effect. Indeed, just as the temperature 
of the drums has to lx; increased progressively from drum to druiii, so, too, has the 
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prcKMiirc! of tho felt to bo graduatod, although the maximum in the one case is reached 
long bofon* that of the other. 

An illustration of a patented roll for the endless felt bands referred to is shown 
in Pig. sri. 'J’his design is the invention of Bertrams, Limited, of Edinburgh. The 

body of the roll is a plain steel tube. 
Each end piece is like a Wt pulley with 
six anus. The rim is split between three 
of these arms and the boss between the 
mnaining three. The hole in the boss 
is tapered to receive the tapered end of 
the gudgeon pin. By screwing up the 
nut on the pin, the “ pulley ” is expanded and made to grip the interior of the tube 
in a secur<! manner. The construction permits of the tube or the gudgeon pins being 
rea<lil 3 ' rejdacod when necessarj-. 


c 


t 
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PULP STRiUNERS 

I’RAcncALLY the last treatment accorded to the pulp before it is passwl on to tlie 
wire cloth of the. Fourdrinier wet end is, as wo have seen, to strain it. To tlie inexpert 
eye, pulp, after having been strained, is no differtmt to pulp before straining. Yet. 
wore straining omitted, the difference entailed in the finished paper would be notice¬ 
able to most. The object of straining is to hokl back all insufficiently pulped particles 
of fibre and any fine impurities wliich may cscajm past the refining engine, sand 
tables, &c. In spite of all the prettautions taken, big pieces of fibre and objectionable 
impurities arc present in the pulp as delivered to the machine-house, ami that straining 
is most necessary if a good uniform quality of paper is desired is obvious to anyone 
who secw what a strainer holds back. 

The importance of straining has led to a great de^il of ingenuity being exercised 
in the design and construction of appliances for the purpose, and it is not out of place 
for us to devote the whole of this chapter to the description of some typical straining 
machines. The actual straining is performed in all cases with which we are acquainted 
by causing the pulp to flow tlmough thin slots, whhih vary in width according to tlie 
quality of the paper which is to bo produced, from 0-006 in. to 0-06 in.* It may bi- 
inferred, therefore, that the average spicules of fibre will pass lengthwise, but not 
crosswise, through the slits. 

The process seems simple enough, but in practice great difficulty arises in coaxing 
the fibres through the slits and in keeping the slits clean and free from the fibres and 
dirt that should be held back. Most of the macliines in use assist the passage of the 
proper fibres through the slits by agitating the unstrained pidp. Some vibratory 
device is therefore more or less essential, and in use this not infrequently means a 
considerable and unpleasant amount of noise. Efforts have, accordingly, been made 
to secure the required agitation silently. 

The older forms of strainer—many of which are still in use—employ flat plates in 
which the required number and si/A3 of slots are cut. A typical section of such a plate 
is shown in Fig. 86. The material usually 
employed is some special quality of acid- 
resisting bronxe. There need be no secret 
about the manner in which the slots are cut. 

We have seen the processes employed at two 
different works. The grooves behind the 
slots having been milled out, the slots are 
out -with a small circular saw of the gauge required, and arc thereafter carefully 
gone over with a hand saw of the same gauge to clear out the curved ends left by 
the circular saw, and with a scraper to remove the burred eflges. With time, the 

* Tliree ssriea of RaugCH —Kt^er'ii. Walsun's, Bertram's- -are in ouuunon use. but they are now all the 
n.uiu). The smaller figure quoted is No. 2 gauge, the higher No. 13. The numbers progress by halt es—11), 
how '. ur, is mianng so that there are twenty standaid gauges altogether. The corresponding dimensions 
in ir.oheo progress by errotio steps, the origin of the gauges having been quite arbitrary. 
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Flo. 86.—Strainer Plate in Section. 
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alotB arc bound to %vt*ar wider than dosirod. The makers of the plates do a consider 
able amount of business in re-closing the slots to the former gauge and in oponinf 
others to suit a broader gauge. The closing is done by hand, with a hammer 
although in some cases we believe it is effected by hydraulic pressure. 

The slots are not continuous, but are interrupted, say, every six inches or so, thuf 
leaving solid bars of strengthening metal extending between the sides of the frame. 

It is the practice of at least one firm 
— Bertrams, limited, of Edinburgh—^t< 
make these bars run diagonally, at 
shown in Pig. 87. The pulp cannot, 
then, pass from one side of the plate tc 
the other without every portion of th* 
flow moving over a slotted area. Thit 
style of rib also has the advantage that 
it enables the plate to be re-closed readily 
a considerable number of times. 

An exam [tie of tlic older form of strainer employing the flat plates mentioned above 
is illustiatwl in Pig. 88. This machine is known as White's patented oscillating 
strainer, and is made by •lames Bertram and Son, Uinited, of Edinburgh. It consistt 
of a civst iron (rough with a false bottom, composed of a convenient number of strainei 




Ki(i. 88.—Wliite’s Oscillating Strainer—James ISertraiii. 


plates having a total area of 7 ft. by 2 ft. Beneath this the real bottom is formed by 
a stiff plate united flexibly all round its edges with the walls of the vat. This bottom 
is eotipled to and vibrated rapidly in the vertical direction by a short-throw belt 
driven crank shaft mounted on the base of the machine. The vat itself is swung or 
journals collincar with this crank shaft, and is given a slow oscillating movomeni 
about these journals. The drive for this movement is taken from the crank shaft by 
way of a friction wheel, gearing and an oxcentric shaft and rod. 
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Tho pulp flowR over tho top of the Rtrainor plate and it) drawn through the slitR by 
the Ruction action of the vibrating plate below. Tho clean fibre then flowR through a 
port at one end of the vat into the delivery box ehown. The impnritioR remaining on 
top of the Rtrainer plate, under the influence of the oscillating motion communicated 
to the vat and the Rtrainer plate, are swept into side channolR whence they are ro^ 
moved through suitable valves. Tho stuff refused would then Ik* delivered, as already 
remarked, into an auxiliary' strainer. Tlu* design of this may be similar to, although 
smaller than, that of tlie principal macliine. Tiie valves through wliich the refused 
matter is discharged are, however, usually hand opt‘rated, whereas in the main strainer 
these valves are ordinarily arrangwl to act automatically when a predetermined 
amount of refus«> has accumulated in the side channels. 



Another example of a flat jilak* strainer is illustrated in Fig. 89. The floor of tho 
trough is vibrated tlmnigh a range of about I in. by means of a crank shaft and con- 
ntH!ting-r(Kls situatcHl Itcneath it. The crank shaft runs at about 4(M) revolutions per 
minute, and to drive it absorbs about two liorse-power. The strainer plates are fixed 
in a brass frame hinged to the sides of the vat. In tho working position tliis frame 
beds doM’ii on a rubb(*r strip and is hold in place by clamps. Fur cleaning purposes 
it can readily be SMiing U2> into the 2)osition shown, so as to permit of the strainer 
jdates being hosed down on both faces. The hinges are “ open,” so tliat the frame 
may be turned up on either side. It will bo noticed that the vibrating floor is in two 
separate portions, one for each crunk. The connecting-rod is attached to the centre 
of the vibrating floor and is guided by two pins sliding witliin sockets boltetl to tho 
main frame. The angularity of the connecting-rod is accommodated by flattening 
a portion of it sufficiently to make it bend easily through tho minute range winch is 
all i/iiat is required. This machine is known as Lumsden and Pearce’s patented 
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hingttf] flat I)«11owh strainer, and is made by Janies MUne and Son, Limited, of 
Edinburgh. 

It is generally admitted nowadays that the flat plate strainer suffers from the 
disailvantage that gravitation acts on the heavy particles and impurities so as to 
draw them into the slits in the strainer plate. In spite of all that can bo done to avoid 
it, the slits will in time become, partially at least, filled up. Now it is not usual to 
provide for the storage of the strained pulp between the strainer and the wet end of 
the machine. The strainer, therefore, must work neither faster nor slower than 
will provide the right amount of stuff to suit the speed of the Pourdrinier. To avoid 
a stoppage, therefore, of the whole plant, we must cither duplicate the strainer or 
d<'visc one that will run without choking up for as long as the Fourdrinier is kept 
going. 

These considerations have led to the introduction of the revolving drum strainer, 
in which the passage of the fibres is usually—but not always—upwards through the 
slits. With this arrangement ^avity assists in keeping the impurities out of the 
slits, ill addition, it is possible to clean the slits oontinuously while the strainer is 
in use. An example of this type of strainer is illustrated in Fig. 90. This machine, 
made by James Bertram and Son, is known as the “ Leith Walk ” full-drum revolving 
strainer. It consists of a semi-cylindrioal vat of cast iron lined with tiles or copper, 
and containing a drum, usually made of sheet copper or brass, measuring 7 ft. long by 
28 in. in diameter. The straining slits in the drum nin in the circumferential direction. 
At <!ach end of the drum a ring is fixed which sits witliin a semi-circular rib formed 
on the vat frame and provided with an india-rubber packing strip. A semi-amiular 
waUT-tight space is thus formed between the vat and the drum surface, wliich space 
is sealed off from the rest of the vat except for the communication afforded by the 
slits in the drum. Spider arms at each end support the drum from the central driving 
shaft.. The drum is rotated by ratchet mechanism at the rate of about one revolution 
in seven minutes. 

The pulp is fetl into the scaled portion of the vat and is induced to pass into the 
interior of the drum in an inward and upward direction by the influence of a semi- 
eylindrical vibrating plate shown at A. The strained stufi finds its way from the 
inside of the drum out through the open ends into a wooden trough or delivery box 
fixed across the front of the machine. As the drum is slowly revolved, each portion 
of its surfime comes over a series of fine jets of water issuing upwards from a fixed 
pipe B, situated within and parallel to the axis of the drum. The jets passing through 
the slits cltvir out any dirt or fibre which may be inclined to stick in thorn and carry 
it to the outside of the drum on to the deflector of a divided trough C, which coii- 
diicts the water, &c., to waste. Any portions of tho jots which miss the slits would 
fall back into the pulp within tho drum and would dilute it unne^sarily. Hence a 
setwnd trough D is provided beneath the spray pipe to catch this water and carry it 
off. Tho bigger proportion of the refused matter collects at the foot of tho vat, whence 
it may be drained off at stated intervals to the auxiliary strainer. 

Tho vibrating plate A is carried on two external arms, being united thereto by pins 
passing through two flexible discs fbrming parts of the vat bottom. These arms are 
mounted on a piston-like member working in a cylinder which is part of a tubular 
stay stretched between the vat legs. At the centre of tho piston member is a short 
cylindrical piece .through which a shaft extends. At one end this shaft is coupled to 
a small-throw crank shaft. Towards the other end it extends through a second 
cylindrical piece mounted within a short plunger, the position of which within the 
tubular stay can be regulated by the hand wheel E. The driving shaft, revolving at 
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about 600 revolutions per minute, communicates a like number of vibrations to the 
piston member, and so to the plate A. The amplitude of these vibrations can be 
regulated by the wheel E while the machine is running, thereby increasing or decreasing 
tho quantity of pulp being strained. The tubular stay witliin which the driving 
mechanism is accommodated is constructed to serve as an oil bath. It is claimed 
that the strainer runs without noise. 

A somewhat similar t 3 rpe of strainer by the same makers and known as the *’ I^eith 
Walk ” half-drum stationary strainer is illustrated in Fig. 06 on page 105. The only 
essential difference lies in the fact that the drum is replaced by a semi-cvlinder, and 
that it is not rotatcxl by power. The water jet and the associated troughs are sup¬ 
pressed. In use, tho strainer plate is turned by the hand gear provided for tlie jnirpose 
little by little at intervals, so as to present fresh portions of the straining surface to 
the pulp. When it is desired to clean out the slits, the half-drum is turned right up 
into the position shown in the end view—Fig. 96—and the surface washed. 

The drum strainers dealt with above are characterised by the fact that the pulp 
flows from the outside to tho inside of tho drum. The reverse method is also in use, 
and has been for the past twenty-two years or so. An outwanl-flow or Wandel type 
strainer made by the Watford Engineering Works, Limited, Watford, Herts., is 
illustrated in Fig. 97, on page 106. This form of strainer is, We understand, particularly 
adapted for “ news ” paper pulp, although it is in use for other classes in which the 
output required is not more than 4 cwt. to 8 cwt. per hour. 

The strainer drum in this machine is provided with partially elosod ends ami works 
over a shallow, oblong cast iron trough. .The pulp is fed into the interior through a 
pipe 8upportc<l in tlio bracket A, On each 
drum end a flange is formed,'and, as shown 
in Fig. 92, these flanges rest in cradle arms 
pivoted at one end to the side of tho vat. 

At the other end the arms carry steel ham¬ 
mer blocks B—Figs. 92 and 97—^which co¬ 
operate with ratchet pinions on the driving 
shaft 0. A set i'.crew bearing against a 
rubber-buffered stop on tho vat side serves 
to adjust tho drop of tho arm. The rota¬ 
tion of tho driving shaft by these means 
vibrates the drum vertically through a 

range of about I in. from 600 to 1000 times y,,, ot s WWul Strainer, 

a minutes. 

Simultaneously, the drum is slowly rotated on its cradle arms by means of a ratchet 
wheel fixed to one of its ends. This ratchet wheel is driven from the shrit (! by the 
excentrio and lever gear shown in Fig. 97. It is claimed that tho rotation of the drum 
by tills arrangement greatly assists tho passage of tho pulp tlirough the slits as tho 
drum is moved round with a series of jerks. Above the drum is a perforated 
pipe D from which the water is sprayed to clean the impurities, &o., out of the 
slits. Tho water, Ac., having done its work, falls into the tray E, which conducts 
it away. 

Tho drum of the strainer illustrated is 7 ft. 1 in. long by 2 ft. 4 in. in diameter, and 
is made of a hard-rolled acid-resisting bronze. The chief point of interest in tliis 
machine is the fact that by the adoption of the outward flow principle the use of 
india-rubber or other form of sealing rings is avoided. Against this we may put the 
disadvantage that gravity tends to draw tho impurities into the slits. As, however, 
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Ihoy ftre cloarcd out by the water jets very shortly afterwards, the defect is not nearly 
of as much consctquence as it is in the old flat-plate typo of strainer. 

Another form of outward-flow machine is the “ Partington ” revolving strainer 
niafle by the (ilossop Ironworks ('ompany. Limited. This is illustrated in Figs. 91 
and OS. The featuw of this strainer lies in the fact that its drum is not composed of 
a single sheet, but is built u]) of forty separate plates, each measuring 2 ft. by 2 ft. 
The (Inini is 10 ft. long by 10 ft . in circiimferenco. The plates are secured in place by 
bolting tlumi to stivtchor bars which—see Fig. 98—extend between the circular brass 
end memlMTs. .Xny jdate can be readily removed in a few minutes’ time should it be 
itanii'.gf'd (»r should it be necessary to examine the underside. The effective straining 
surface i’,ggregat«!s 135 s(iuare feet. The plates are made of hard-rolled phosphor 
bron/.e. 





The ends of the trough ai-e of cast iron, but the semi-cylindrical bixly or vat is 
built up of pitch pine staves and is lined with copper if desired. Each end of the drum 
has bolted to it a circular flanged member, which forms a huge diameter hollow 
tninnion and rests in a saddle provided for the purpose. One of the trumiions carries 
a 8pro<iket wheel to which power for the rotation of the drum is transmitted by chain 
from a small back shaft. The cradle beams supporting the trunnions ai'o flexibly 
holtwl to the framing at the rear and towards the front are hung on helical springs. 
Farther to the front they are provided with pivot pins from which hang rod-like 
members. These rods, passing through holes in the beam ends, bear against cams 
formwl oil the front shaft which extends along the whole length of the machine. By 
adjusting the strength of the helical springs, the amplitude of the vibration com¬ 
municated by these means to the drum can be varied. The front and back shafts arc 
coupled up by means of bevel gearmg, a cross shaft and worm wheel, the latter gearing 
running in an oil-tight casing, and serving to reduce the speed. 
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The cloanmng arrangements for tlie slits comprise an external spray pipe lying 
sliglitly to the rear of the top line of the drum. This pipe is closed at one end and is 
coupled at the other end by a flexible piece of piping to the water supply. Provision 
is imule for traversing this pipe back and forth through a small range, so as to ensure 
the proper cleansing of the slits. The traversing means consist of a chain drive from 
the ba(’k shaft on to a sprocket wheel, to th(‘ spindle of u’hich a cam wheel—actually 
a plain circular dist; mounted askew—is fixed. 'This wheel co-operates with a roller on 
the underside of the pipe, contact being assured at all times by the acition of a spring 
{>late which tends to push t he pipe towards the left. The rejwited material and the 
spray water are caught on an internal tray of copper and brass, and delivered 
through one of the trunnions in the usual way. 

It can be surmised that any arrangement for vibrating the strainer drum which 
employs a ratchet pinion and hummer, or suchlike devicft. is apt to prove unpleasantly 
noisy when in use. A strainer, the di'iving nnsihaiiism of which is claiimnl to be practi¬ 
cally noiseless and at the same time to give a very efiicienl. motion to the drum, is 
illustrated in Figs. 9.3 and 99. This is the Vibromotor inward-flow strainer, and is mode 
by the Watford Engineering Works. 

The strainer shown in Fig. 99 has a drum (t ft. 3 in. long by 31 in. in diameter, and 
is })rovided with a cast iron vat. The machine illustrated in Fig. 93 is generally similar, 
but is slightly larger, and has a vat made of sheet copper. The drum ends are formed 
wit'll gun-metal rings, against each face of which an india-rubber scaling ring is presstsl. 
The pulp is fell into the space between the vat and the drum throngli the orificu A, 
Fig. 93, or through the thire orifices shown in Fig. 99. The strained pulp from the 
intei'ior of the drum passes into the usual end chambers, whence it is led by pipes 
B to a trough (! })rovided with a sluice regulator and from this it flows direct to the 
wet end of the Fourdrinier. The drum is (irovideil with spider arms at each end 
which connect it with the short, hollow shafts J). I'hrough one of these shafts a water 
pipe is led. and is connected with the fixed spray pipe E. The jets from this clean out 
the slits, and, with the impurities, puss Into a special form of overhead trough F. 
The water which fails to jiass through the slits falls back into a trough (1, whence it 
is conducted oif through a pipe emerging from the other hollow shaft 1>. 

far the design follows known lines. The interest of the machine resides entirely 
in the manner in whicli the drum is driven. As we have siHui, the roipiired motion is 
twofold, one jiart being a vibration intendiMl to assist the fibres to pass through the 
sbts, and the other being a slow rotation for the purimse of |)resenting to the pulp a 
continuously cleaned straining surface. The driving mechanism adopted is the in¬ 
vention of Mr. W.' Worby Beaumont, and 1ms been a)>plied by liim to other machines 
— for example, flour sifters—in w'hich a similar compound motion is required. It is 
diiiicult to give a satisfactory account of the kinetics of the drive in the space at our 
disposal. Thu following description, based on a personal study of the action, is not 
intended to satisfy the mathematician. 

As will be seen frotn Fig. 93, a shaft H runs along the front of the machine. This 
is the driving shaft, and it is coupled flexibly to the source of power. Near each end 
of the driving shaft there is mounted a disc, or & pair of discs. Each disc carries an 
<‘xoentric mass adjustable along a radius. These weights arc simply a mMlified form 
of bolt and nut, and do not weigh much more than J lb. each. They normally lie at 
a radius of about 4 in. to 6 in. from the centre of the driving shaft. They lie at both 
ends in the same plane and on the some side of the slmft. The entire motion of the drum 
is dependent upon the centrifugal force developed by these two excentric weights, 
ami hence the name “ Vibromotor,” which has b^n given to this strainer. 
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Tilt' driving Himft is supported in bearings at each end rooting on helical opringa 
jilaced witliin the podcotald dhown at A—^Fig. 94. The dhaft bearing id formed in the 
end of an arm B, which id curved downwardd cylindrically to receive the lower half 
of a wheel C, which wheel id united to the hollow dhaft of the dtrainer drum. The 
arm ii is siipportcd at itd rear end on a pin D hung from a fixed point of the frame 
by meaiid of a phodphor-bronjic plate dpring E. The two wheels C take the whole 
weight of the strainer drum. They are not in direct contact with the curved surface 
of the arm B, but rest against a pad of white metal at ¥, and two smaller pads of 
“ Ferotlo ” at G. A strap H boltfKl to the arm B encircles the top half of each wheel C. 
Contact, however, is only established at J, where an adjustable wtiite-motal block is 
provided. 

The diagram—^Fig. 94—indicates all the essential mechanism. It will easily bo 
luidorstood that when the driving shaft is set rotating, the centrifugal force developed 

by the excentric weight produces a “di¬ 
thering ” or vibrating action. This action 
may be said with little error to l)c a rapid 
swinging up and down of the frame B on 
the pin D as a pivot. The pivot is not 
quite stationary, of course, as the spring 
E permits it to vibrato slightly. It is 
not at all obvious, however, why, when 
the driving shaft is rotated at the re¬ 
quisite rate, the wheel C—and with it the 
strainer drum—should rotate round on 
Kic. 94. —Vibroiiiotor T)rive. the pads I? Gtl. I he rate of this rota¬ 

tion, we may say, is adjustable by alter¬ 
ing the pressure! of the brake block J against the rim of Gio wheel. Wo may 
further add that the wheel C! always rotates in one direction no matter in which direc¬ 




tion the driving shaft rotates. The rate of rotation of the wheel is directly related to 
the speed of the driving shaft. 
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TIk'si' art) (lio obstTvoil faclK, aiid iluwo t)f «iir roaderK who Itivc a mt'clianitsal pro¬ 
blem will find in them plenty to exereiHo their talents. For oiirselves, we offer the 
following explanation of why the W'heel (! rotates when the shaft is rotated, although 
there is no reeognised dilving eonntHttion between the two. W'e may say that several 
illustrations of the same pluuiomenon are known. 

It will be notiet'd that the i»in D at the end of the arm B is constrained by the plate 
spring E to move in |>raetieally a straight, hori/ontal line. The other end of the frame 



Fio. 98.—“ I’artiiigtcm ” Strainer—(llossop Ironworka, 
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in cauHcd to move with the driving abaft in practically a circle. Aity other point on 
the frame, and in particular the centre of the circle enclosing the wheel C, is, therefore, 
moved in an ellipse. Place a coin inside a ring of a little larger diameter and give the 
centre of the ring an elliptical—or even circular—motion on a smooth surface. It 
will be found that the coin will rotate round its own contn« in the opposite direction 
to that in which the centre of the ring is made to describe the elUpse. It is very 
obviously nothing but a pure rolling motion. It is exactly analogous to pulling the 
ground from beneath a wheel. If the ground is mov«)d to the left, the wheel moves 
to the right. In the case in point, it is found that the analogue of the coin may be 
made as big in diameter as the ring, and may oven be braked by the pad J without 
stopping the rolling motion. We do not advance tliis as a complete explanation of the 
drive. Those who desire to investigate it more fully should note that, while white- 
metal is an “ anti-friction ” substance, Ferodo is a patented material particularly 
intended for employment in brake blocks and elsewhere where the gendwtion of 
friction is a desideratum. It should also bo noted that the inertia of the strainer drum 
provides a resistance analogous to that of the fiictional force experienced on the coin 
face against the fiat surface on which it is laid. 

This peculiar drive, as wo have said, is claimed to produce a very efficient straining 
motion. In addition, the horse-power alworbed is very small, being of the order of 
0'6 horso-power. No ratchet chain or gear wheels are employed, and as a result—oven 
on a temporary foundation, as we saw it—^there is scareely any noise produceii. 
Another feature of the design is the deep immersion of the drum winch it |)crmits. 
In a still later form, the central spiders and the spindle ends have been dispensed 
with, leaving the drum ends quiUt open and permitting an even deeper immersion 
of the drum in the pulp. The Vibromotor drive, wo may add, has also been applied 
to the Wandcl typo of strainer already described. 

A materially different form of strainer from any described above is the “ Dicken¬ 
son ” macliine, made by the Watford Works, and illustrated in Fig. 95. In this 
engraving, it will be undcrst(K>d, a portion of the outer casing and a portion of the 
strainoT drum plates have been removed to show the interior arrangements. In shis 
case the strainer drum is almost completely submerged. It is provided with largo 
hollow trunnions, which are passed through glands to the outside of the casing. At 
one end, one of these trunnions carries a worm wheel, so that the drum may bo slowly 
revolved by a driving shaft through a chain drive. 

Passing through the hollow trunnions, which themselves caiTy suitable glands, 
is a hollow shaft connecttsl at the worm wheel end to a cross-head and an adjustable 
thn)W crank on the driving shaft. Inside the drum this hollow shaft is provided with 
three equally spaced discs. The rapid reciprocation of those discs draws the pulp 
iiito the strainer drum and delivors the strained stuff out througji the left-hand trun¬ 
nion into a suitable delivery box. The gland for tlic left-hand end of the hollow shaft 
carrying the discs is fixed on the outside of this delivery box. 

The water spray cleansing arrangements are similar to those adopted in the Vibro¬ 
motor strainer. The overhead trough is shown in section in the engraving. The 
cleansing water is led into the hoUon^ contra! shaft by means of a flexible connection 
attached to the socket A and passes up a vertical pipe to the horizontal spray pipe. 
The hoUow shaft being suitably blocked off, serves at the other end to conduct away 
the water f^ng back into the internal tray. It will be noticed that thin arrangement 
incidentally secures the reciprocation with the discs of the spray pipe and the in¬ 
ternal tray, as is desirable. 
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Nkarly all clanst's of paper, an we iiulieateil in our first chapter, have to bo treated 
with (tertain substances before they are fit for use. A paper euinposcd of notliing but 
cellulose fibre would be useless for almost every purpose to which paixr is put, and 
would bo particularly so for printing or writing upon. Two kinds of material at least 
must be incorporated bi it. fn the first place, the interstices between the fibres must 
be fillwl up with some mineral matter, such as calcium sulpliate or china clay. Secondly 
the paper must be si'/.ed so as to convert it from something absorbent like blotting 
paper to something that will not absorb printing or writing ink. 

These two sets of materials aiv very commonly added to the paper when it is in the 
form of pulp in the b<‘ating engine, the action of wliich incidentally helps to distribute 
the substances uniformly throughout the mass. On the other hand, while the loading 
may be addtx! in this manner, the sizing may be deferred until the pulp is converted 
- into dry paper. In this mt.thod of working—“ tub sizing,” ivs it is called in contra¬ 
distinction to the other or “ engine sizing ” process—^the dried but uncalendcred 
paper is passed through the sizing solution in tlio form of separato sheets or 
continuously from a reel. It is then once again druzl when it is ready for 
calendering. 

It is quite obvious which is the easier, cheaper and quicker method of sizing. Engine 
sizing requires no machinery ditsigned specialty for the ])ur]>ose, and as it is conducted 
simultaneously with the beating process it absorbs no time. Tub sizing, on the other 
hand, represents an additional stage in the manufacture of the finished pai>or, re¬ 
quires separate and special plant and involves a second drying. That it is in use at 
all is sufficient evidence that it obtains a better result than machine sizing. It may be 
accepted tliat tub sizing is rc'sorted to only in the production of certain high-class 
papers, such as those of the best writing, envelope, account-book and bank-note 
varieties. 

The materials used for sizing paper vary somewhat. For engine sizing they consist 
generally of rosin dissolved in sodium carbonate. This, with tiom© starch, is mixed 
with th6 pulp. A solution of alum is then added, the final nssult being the precipita¬ 
tion of resinate of alumina among the fibres. The starch acts simply to bind the 
fibres together, and is not essential to the actual sizing. In tub sizing the paper is 
passed through a solution of gelatin and alum to which sometimes soap is added. 

Engine sizing, as we have said, requires no special machinery. Tub sizing requires 
little more than an actual tub if the paper is in <110 form of hand-made sheids. But 
when it comes to the tub sizing of reels of machine-made paper, additional and H{)ecial 
maohincry is essential. There have to be provided, in fact, a sizing machine in which 
the web of paper is drawn continuously through the sizing solution, and then re-reeled, 
and a drying machine in which the sized paper is gradually dried. Combined with 
these two maolunes and following in the order named after the drying machine, it is 
iiniial to find a calender, a. slitting machine and a re-reefing machine. From the 
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slitting machine the paper may alternatively pass to a eutting and laying machine, 
which cuts the slit web across into sheets and lays these sheets down in a pile. 

As an example of the machiuei'y employed in tub siring, we illustrate in Plate Ilia 
sizing and drying machine made by the West End Engine Works Company, of Edin¬ 
burgh, for Wiggins, Teape and Co., limited, of Dover. This machine, it is claiiiUMl, 
is the largest of its kind in the world. From the general arrangement it will be gathen'd 
^ that the actual sizing machine, situated at the right-hand end, is a comparatively 
small affair, and that the great size of the plant is aecounted for by the drying machine 
portion. This portion contains no less than li(i drying drums, during tlu* passage 
over wliich the {taper is dried slowly by means of hot air. Imnuxiiately following 
come three steam-heated drying cylinders whicdi remove the last trace of moisttire 
from the paper and then two sets of cahmder rolls. A ri|)|)ing or slitting machine 
sticceeds the calenders, and from this the slit web can be passinl either to a “ ret‘l-H(» " 
or taken n|) to a cutting machiiu* and “ lay-boy.” It will be noticcsl that a si'cond 
and smaller sizing machitic is incor{>oriit<Hl wit hin the diyiug machine, and fimt when 
this is used the mm*!) of pajmr is led ov(‘r 2tt instead of 12li drying drums. Certain 
papers, bank-note pa|ier for exani|ile. are more, easily dried than others.' 

On page 112 a g<'neral view of tlie sizing machine is given, and in I’late IV the 
arrangement caul details ef the same part an^ shown. In the construction of the 
machine no part coming in contact with tlu' sizing solution can lx* mtule of iron or 
steel. Were such the case tlu* size would attack the metal and cause iron stains to 
ap(Htar on the j)aj)er. For this reason the vat in which the {uvjier is sized is ef cast 
iron with a coj)j)er lining. .Again the di{>{iiug rolls, that is to say, the rolls imtually 
within the vat, an* built u|) of yellow ])ine staves fixed t.o brass rings carried on brass 
covcixmI sj)indles. All the guide rolls are of brass, the s(|ueezing rolls are <»f a s{>cciul 
anti-acid metal, and the reeliiig-up drums arc; built of wood. 

The vat is 9 ft. square and about 12 in. dee|), and is {wovifh'd with a series of baffles 
to check the motion of the liquid. It has a false bottom through w’hich hot water is 
<urcvilatiHl from a stetam-heatt'd w'orm sitiiatiCHl in a chamber beneath t.he vat. Hv 
regulating the admission of steam to this chamixir tlu'- tenifuTal.im.! of t.he sizing 
solution can be controlled. The reel of {taper as reectivtsl from the Fourdrinier machine 
is mounted in brackets to the right of the sizing machine. Th<‘ web is tlu'ii taken over 
two guide rolls .and down t*) ik small dip{mig roll wif.hin the vat. Passing round this, 
it is led back to aiul round a large dipping roll driven by a b(‘lt, whence it is cunduct«>d. 
close to the foot of the vat, to the forward small di{>{iing roll. The two small di(>{>ing 
rolls are ailjuslable vertically and horizontally to (teriuit of the retpiisile tension in 
the paper being obtained. From the forwanl dipping roll the web passes betw<-en 
a pair of power-driven squeezing rolls, wliich remove the siiiqilus sizing, and then over 
a guide roll to the rceling-up drum. Associated with each s(|ueezing roll is a “ doctor,” 
that is a scraper intmided to kec{» the surface of the squei'zing roll in a clean state. 
The largo dipping roll is {irovided with Skefko ball h<‘arings and the two others with 
brass roller bearings. The guide rolls also run in ball bearings. The sipictezing rolls 
are carried in ordinary bearings monnt>ed in cast iron brackets bolted to the sides 
of the vat, and are weighted with two IoimIccI lovers. 

It might be thought that it would be economical to pass the {laper direct, from the 
sizing machine into the drying machine. In practice, liowever, this would mean 
starting up the dryer simultaneously with the sizing maoiunc, which would be a troublc- 

* The paper known in the trade on “ bank ” is not exclusiv'cly used tor the production of barik-notes. 
It is 'P considerable demand for other purposes, one example of its use being that among artists for pencil 
sfceiehing. 



\IR DRYING AND SIZING MACHINE FOR PAPER. 

THE WEST END ENGINE WORKS COMPANY, EDINBl'RGH, ENGINEERS. 

(/<»• ^iscriptioix see p*tge 111 .) 



Tliii Si/iiig Macliinv at Work. 
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The Air Drying Machine. 
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«)rae operation in view of the large number of drjni^ dnims round which the paper 
initially has to bo led. Again, it is found desirable to allow some time to elapse be¬ 
tween tlio sizing and the <lrying operation in order that the paper may “ soak,” that 
is beeomo properly penetrated by the size. It is for this reason eluofly that the paper 
is reeled up after sizing and then unreeled afterwards. The reeiling-up drum is carried 
oti brackets ])roviding four sets of journals. The ]>aper is reeled up on either the upper 
or lowt^r drum nearest the sizer, and when the reel reaches a diameter of, say, 3 ft., 
the web is broktm and transferred on to the alternative drum. The sizing machine is 
thus run «;ontinuously. The eomjdeted reel is then rolksl across to the opposite 
journals, where it is rciady to b<( unreeled and passed through the drying machine. 
As the four sets of journals are 3 ft. apart veitioally and 3 ft. 3 in. horizontally, four 
3 ft. diameter reels could be aceommodated on them at one time. In practice one of 
these reels would be winding on and one winding off. Two of them woidd be soaking. 
Actually, we believe, it is not usual to work witli more than cno reel soaking at a 
time. 

The ilriving of a sizing inueliiue of this description presents some problems. Tlte 
points at which power has to bo applied are the large dipping roll, tlu^ squeezing j’olls, 
and the reeling-uj> spindle. As tlu* i>a]ier is drj’ before it is passed through the sizer 
the pull required to rotate the prunary winding-off ml is within its stitsugth. The 
reel is, in fact, brakwl, and, as shown in the engraving on page 11:.*. the re<piisite. 
tension is })r(‘s»'rved by means of a roller swung on arms aiul bearing on the top side 
of the wob just in front of the first leading roll. 

As shown in Mate IV', pow'er is transmitted to ttie hwge dipping roll from a belt 
jndley fixed on the spindle of the lower squeezing roll. The peripheral spewl of these 
rolls is thus always the same, and tlu'y start and stop simultaneonsly. The lower 
squeezing roll is directly connected to a shaft carrying a friction clutch and a tapered 
belt pulley. The driving belt can be moved uj) the comxl surface of the pulley by 
means of a belt shifter operated by a luind wheel and elmiii drive from the front of 
the machine. By means of the friction clutch the rolls can b<! started gradually 
without risking the breaking of the pap<w by a too raphl acceleration of the 
winding-off reel. By means of the coned pulley the requisite. “ draw ” on the i)a})er 
can be obtained. 

As the paper accumulalcs on the winding-up barrel its peripheral s|)eed must re¬ 
main constant to suit the constant speetl with which it is passing through the sizing 
solution. The revolutions of the winding-up drum have, therefore, to be decreased 
progressively. Each winding-up dnim carries a gear wheel, which can mesh with a 
similar gear wheel on the end of a driving shaft carried in fixed bearings. At the 
other end of this slmft are a fast and a loose belt pulley. In action the bolt touches 
the top side of the fast jmlley, passiis round a small jockey pulley and then returns 
by the underside of the fast pulley. By iwljusting the position t>f the jockey pulley 
the attendant can alter the tension in the belt, thereby allowing more or less slipping 
to take place and so vary’ the speed of the drum as desired. 

In either of the reeling-off positions the gear wheel on the <lrum end meshes with a 
Minilar gear wheel journalled on the frame ami fixed to a brake drum. This brake is 
regulated by hand to prevent the reel of paper iinw'inding too rapidly to suit the spejsl 
of the drying machine. 

The construction of the small sizing machine is in principle identical with that of 
the larger. It will bo noted, however, that in this case the paper is passed direct from 
the sizer into the drjmr without being reeled up. 

The drying machine is, from the engineer's point of view, a piece of plant of great 
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interoHt. It is not by any moanx an simple ax it looks. When the maohino is in full 
work there is a length of something like 12tK> ft. of paper with a width of anything 
up to lot) in. within it. To start up such a piece of plant as this, involving the leading 
through it of nearly a quarter of a mile of partially wet paper, is clearly not an easy 
matter, while to arrange the drive in such a way that no drum shall pull tlie paper 
too ha«l and so break it requires the greatest oare. This point covers the same con¬ 
siderations as are met with in the driving of the dry end of a Fourdrinier. As the 
paper passes through the machine it becomes drier and drier, and contruets accordingly. 
To avoid breaking the paper, therefore, there must be a certain amount of “ give ’’ 
in the drive. A gear whetd drive would be too irifle.xible. Hence ivsort is had to a 
special arrangement of belt, drive, which permits sli])])ing to take place Avhen recpiircd. 
Again the paper must be druMl evenly, or it will cr»‘as(‘ by unecpial contraction. For 
this reason the two sides t>f the paper iiav«* 1 o he dried alternately. How tliis is effoctwl 
will he seen by studying in Plate 111 the manner in which the paper is led 
over the drums. In each case the side next the drum is that, whie.h is Ix'ing dried 
by that drum. Another dilliculty. at- least in this country, lies in the «'ffect which tlw- 
humidity of the atmosjihcwe has on the drying process. Tlw' actual drying is. as we 
have said, carried out. by m(‘ans of h<»t air, and on <liy days only a modi'rat.e siipplv 
of such air is n‘C|uired. On wet da 3 's the hot air plant nuvv have to work at its 
maximum rate, wJiile at limes evem l.his is not sufficient, and tin* speixl «tf the niaehine 
will have to ho mlueed to get satisfactory results. 

The construction of the drying drums will be gathered from Fig. 1IM». An shown 
in th(! ui)per elevation, each <lnim consists of t wo east iron wheels held apart In' thn-e 
steel staj's and provided with holl.)w trunnions working in hearings on the main frami*. 
Iwelve j’ellow pine spars are bolted across the wheels, so as to leave a gorsl space 
botwocn them. Passing through the hollow truuuions is a shaft mounted on hall 
bi'arings and carrying within the drum a fonr-hladed fan mad(t (»f cast inm arms and 
steel shetits in. thick. One end of tlie spars is iioopedwith a ste(‘l plate for the driving 
belt. 'J'he corresponding end of tlie fan shaft is jirovided with a groover! rope ptdkw. 
fVrtiiin of the drums—six in number—are. as shown in the hnver rdovation, madr* with 
an ordinaiy ))elt pullrsy in place of the hoop. Tlwy dt» not eoutaiii a fan. lutt. are 
hxed dirr^t to tlio ermtral shaft, which at the jndlej' end carries a sliding dog rduteli 
and a large gear wherd. These six drums arc responsible for the driving r)f the si.\ 
sections into which the dninis arc divided. 

The. drums, then, are driven by belt and the fans hj’ rope. The fans revolve faster 
than the drums, and draw up the hot air arising from jiipes jdactKl beneath the machine 
and deliver it against tlm paper. 

The manner in which the machine is driven is illnstraUxl in I’lato III. wliich also shows 
some of the driving <lotails. It is unnecessary for us to follow out the course of all 
the belts and ropes. In Fig. Itl! wo show diagrammaticaUy tlie driving arrange¬ 
ments for one of the six sections into which tlio whole is divided. In this engraving 
the hwger circles reju'csent the <lnims and the smaller circles inside them the fans. 
The paper enters the section at A on the right, nnd passing round tlu' drums in the 
order as numbered leaves thi‘ section at B on tlip left. The second drum is of the 
tjqie shown in tho lower part of Fig. 100, and is driven by a pinion. A belt in. 
■wide passing half rouiul its pulley is carried between the wid and the even numbiTitd 
dniiiiH, lightly touoliing the hoops on both sets. Jt is then led round a belt stretcher 
and returned under tlie rower drums to the driving pulley. Tho fin..t drum, it will lie 
noticed, is, no doubt for some good reason, not driven meciwiiically. The rope driving 
the fans takes the course indicated by the doUetl line, and is driven by a pulley situated 
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between the eighth and tenth drums. Two 
stretchers are provided for it on tho return side. 

To facDitate leading the paper through the 
raaehinc when being started up an endless “ lead- 
ing-tlirough tape ”—^in reality a fine cotton rope 
—^is provided. This tape, as may just be seen in 
the general view on page 113, is led over the 
drums, near one edge, and in Fig. 101 is, for tliis 
part of its course, indistinguishable from tho line 
rejwesenting the paper. It is shown leaving drum 
20 as a clinin-<lotted line and returning over a 
strtitcher to drum 1. Each of the six sections has 
one such tape, and as the paper comes through 
the preceding section tho macdiine tender gives 
its tail a twist round the tape of the next section. 
The paper is led from the winding-oil reel into the 
first section in a similar manner. 

Tho driving of the remaining five sections is, 
in princi])lc, similar to that shown in IMg. 10 i, 
anrl may be tractid out on Plato 111. All six 
sections are driven from two main countershafts, 
one of which is connected up to the six bin 
dri\dng pulleys and the other to the six drum 
pinions. Each main countershaft is driven by a 
liigh-spood steam engine of 8(» horse-power and 
having a Bp«fod variation of 40 to 4(M) revolutions 
per minute. This siieed range at the engine gives 
a speed range at the paper of 26 ft. to 260 ft. per 
minute. Variation of the speed is required not only 
to metd abnormal weather conditions, but to suit 
the time required to dry different kinds of paper. 

Tho means for supplying the hot air required 
by the drying machine consist of steam pipes laid 
throughout tho full length of the bed and taking 
the exhaust steam of the two driving engines. 
In addition, there is a special heating plant con¬ 
sisting of a Roylc’s air heater, also using the 
engine exhaust, and a bolt-driven Sirocco fan. 
The hot air is conducted into a large pipe situated 
centrally beneath the drunfs, and is thence de¬ 
livered upwards through flap-regulated orifices. 

Leaving tho last section of the drying machine, 
the paper passes round three power-driven steam- 
' heated drying cylinders. The construction of 
those—see Fig. 102—is, in principle, similar to 
that of the corresponding cylinders in a Four- 
drinier machine. Their function is to remove any 
moisture that may still bo loft in the paper, and 
to help flatten the sheet should it be slightly 
creased from unequal drying. 
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Two Bets of oal^der rolls follow—also shown in Fig. 102. Next these foUow a 
slitting or ripping machine and a “reel-up.” An example of a combined slitting 
and reeling machine and some calenders by the West End En^e Works Company 
will be described in our next chapter. As we have already said, the function of the 
appliances named is to slit the web into, say, three portions and to re-wind each 
portion separately. The drying cylinders, calenders, slitting machine, and reel-up, 
as well as the sizing machine at the other end, are all driven by the same engine that 
is used to drive the drums of the drying machine. In this way any speed variation 
at the engine affects all parts equally, and does not involve risk of breaking the web 
at any point. 



Fio. 102.—Steam Drying Cylindera and Culcndem. 


As shown in Plate III, the paper, after being slit, instead of being reeled up, can 
be led directly upstairs to a square cutter, which cuts the material crosswise into 
sheets. The object of this is to save the time spent on reeling-up and to avoid the 
necessity of carrying the completed reels upstairs. In practice, however, this method 
of working is not very satisfactory, and has been abandoned. The paper after slitting 
is always reeled up and the reels taken as completed to the cutter, which is driven 
separately from the rest of the plant. The objectiofts to the intended method of work¬ 
ing were chiefly two. In the &st place the cutter could not be stopped when it was 
desired to alter the length of the sheets so long as the drying machine was running. 
Secondly, it involved running the cutter at the same speed as the drying machine, 
and this speed in many cases was too slow. 
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CALENDERING, CUTTING, AND ^WINDING 


Tiik process of <!iileiuleiing is a most important one. \V<' have before ns as we wiito 
two samjiles of papej - a wood pulp pai)er—which, in our presence, were torn simul¬ 
taneously, om> from the reel of paper as it was going into the calender, the other from 
the reel as it, was being wound nji aft(*r passing through the calender rolls. It is im¬ 
possible to indicat(! the ilifferenc(f by any process of block making, but it is, neverthe¬ 
less, veiy striking. 

T1u‘ u’ncalendei-e<l paper has a dull surface, and might readily Im taken at first sight 
for a i)i<s!e of fine blotting paju'r. It actually has quite a ])ere.ei>tible amount of “ blot¬ 
ting power. The calendered ))aj)or has a shine on its surface, an<l smudges writing 
ink. Tlie uncalendered malerial on one side appears fibrous even to the unaided eye. 
t)n th(* other side it shows the i)attern of the wire cloth, on which it was formed, 
quite ilistinctly. The calenderetl material docs not show the individual fibres to any¬ 
thing like th<- same extent, and—a very important point—is almost identical on both 
sides. It is c'avy to wi-ite with a pencil on the uncalendered paper, but on the other 
the pencil grips the harder surface with difficulty. Thirty-two piec«!S of the uncalen¬ 
dered paper have, we find, a total thickness of in., as against in. for the other. 
The passage of the web through the rolls has, therefore, rtiduced its thickness by 
about 40 ])er cent. We have also roughly examined the strengths of the two pap(n"s. 
The av(‘rage of «‘ight tests on the uncalendenvl paper Shows a breaking strength of 
:J-7 11). per inch whith as compai'cd with 4'0 lb. for the calendered. 

The degree* to which calendering is can-ied varies with the requirejnents of the 
pa])er user. For many purposes wliat is known as “ maclune finished ” paper is tdl 
that is re<juiivd, that is. the calendering is confined to the calenders, one or more, 
at the end of the Foui-drinier machine. When a liigher finish is sought super-calenders 
are used. Thes«> are altogether larger and heavier than the calenders already referred 
to. and are cpiite separate from the paj)er-making machine. Where they are in use 
the iia])er after passing through the machine calenders is reeled up. T’he reel is then 
transiiorted to the su{)er-calcnder, usually in a different part of the mill, jwissed through’ 
the rolls, and re-reeled. Suiwr-Ciilendering may therefore be regarded as quite a 
separate process. Machine calendering, if we may so descjribe it,•is part of the paper- 
making ])rocess. 

It is found that if the paper is slightly damp before it is })a8scd through the super- 
calenders the finish on its sujface is greatly improved. When the super-calendering 
is to b(> carried out soon after the paper is macle, the dampening may very conveni¬ 
ent! v be jierformed at the end of the Fotiiririnier as pai-t of the papormaking process. 
For this purpose a simple spray pipe delivering a lino mist, of water may be fixed 
crosswise just behind the reel-up spindle. This arrangement seems to serve its pur- 
])ose very well, although more elaborate devices are frequently employed. In some 
eas<'s it is not convenient to pass the paper straight off the machine into the super¬ 
calender. If tliis is BO the dampening of the paper is carried out immediately before 
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the calendering procesB, and can conveniently bo performed in a machine of the tsrpe 
illuKtrated in Figii. 103 and 104. This machine, made by James Milno and Son, Limited, 
of Edinburgh, takes in the reel of paper, dampens it, and re-reels it. After a suitable 
interval for allowing the moisture thoroughly to penetrate the paper the reel is taken 
over to the super-calenders. 

The reel of <lry paper is held in journal braokets situated on one side of the main 
frames and provided with a geared brake for regulating the unwinding of the paper. 
The web is tlicn led, as shown in the end view, Fig, 104, over two loading tubes to a 
pair of rolls, the Iswor of which is driven, and the upper of wliich is a “ nip roll V pro¬ 
vided with a hand lever and catch for raising it off the lower when the machine is idle. 
The web thence ])assc8 downwivrds ahnost vertically to a hand-adjusted leading roll 
and so to the power-driven reel-up spindle. During the almost vertical portion of 
its journey the web is subjected to a fine mist of water delivered by the apparatus 
to be described immediately. The dampening takes place on one side only, but when 
the web is re-rseled the dry side is wound on against the wet side, and this fact and the 
time allowed for soaking secure a uniform penetration of the water. 

Opposite the vertical stretch a copper roll A, Fig. 104, is mounted in adjustable 
bearings, so as to dip into the water contained in a copper tray beneath it. The copper 
roll can be driven at a variety of speeds by means of a steppetl belt cone, and picks 
up a film of water from the trough. It is an interesting and curious fact that if the 
roll is driven slowly the film picked up is thin, and as the speed is increased the thick¬ 
ness of the film picked up also increases. The explanation, no doubt, is that the skin 
friction inen^ases with the speed. Tlie film of water is licketl off the copper roll by 
means of a powcr-iliiven bristle brush B, rotating at 1200 revolutions per minute. 
From the bristles the water is thrown ns a fine mist against the web. A copper guard 
piiTtially surrounds the roll and brush. The copper roll is adjustable away from or 
lowanls the brush by being mounted in sliding bearings, as shown in Fig. 104, or in 
bearings, formed at the end of crank arms, as shown in Fig. 103. This and the speed 
of tile water roll serve as a means of regulating the amount of dampness conveyed to 
the pajjcr. 

The whole machine is driven from the central shaft running at about 220 revolutions. 
The power absorbed is about 3J horses, and the speeri of the paper something like 
SilO ft. per minute. 

We pass on now to consider the construction and working of calenders. The two 
raacliinos to be dealt with are both employed after the paper has been reeled at the 
Fourtlrinier. Machine calenders arc not in principle different from these, except that 
they require no reeling-off details, while the reeling-up arrangement is usually separated 
from them. 

A three-roll calender built by the West End Engine Works Company, of Edinburgh, 
is illustrated on page 122, while in Fig. 106 its general arrangemeift is shown. Of the 
three rolls the upper and the lower are of chilled, highly polished cast iron, one or both 
of which may bo steam heated. The intermediate roll is of iron swathed with a cover¬ 
ing of raw cotton. All those rolls are of the same diameter—20 in.—and are mounted 
vertically over one another. The lower roll is driven by sOent chain and sprocket 
wheels from a variable speed electric motor. It is mounted in bearings fixed rigidly 
to the lower part of tlje machine framework. The intermediate roll is carried in bear¬ 
ings formed within brackets, which can slide vertically on guides on the machine 
standard. Its full weight normally rests on the lower roll—or, to be quite precise, 
on the paper between it and the lower roll—so that when the lower roll is driven by 
the' motor the intermediate roll is rotated in the reverse direction, and the paper 
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is fed through between the pair. The top roll is mounted in a similar manner, and 
is similarfy^ driven. 

Considerable as the weight of the rolls is, it may not, for some purposes, produce 
sufBoient pressure on the paper being calendered. Hence, within the base girders of 
the frame a lever A, Fig. 105, is mounted on eaoh side. Each lever weighs about a 
ton, and at its free end carries a series of weights, which may add up to four tons. 
The lovers are coupled by rods to two overhead levers pivoted to the frame. The 
pull down on these levrars is transmitted through vertical rods passing through bear¬ 
ings in the frame on to the journals of the upper roll, and is so transmitted to the 



thrust rods on the top journals are 

formed with threaded ends, over which nuts are fitted. These nuts may be rotated 
down against the frame by hand wheels and so lift the top and intermediate rolls 
away a short distance from the intermediate and bottom rolls respectively. 

The reel of paper to be calendered is mountcd.on a spindle, which is lifted up into 
bearings on the front of the machine by moans of a hand-driven chain winch, forming 
part of the general arrangement. The height of these bearings may be adjusted to 
suit requirements, for in practice the length of “ draw ” or “ load ” between the reel 
and the first roll is found to affect the working. The paper is led from the reel first 
beneath a guide roller, then over and under the top roll, half-way round the inter¬ 
mediate roll, round almost the whole surface of the lower roll, and so over a second 
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guide to a second or winding-up reel, mounted directly beneath the first. The 
actual glaring of the paper, which is one of the objects aimed at in calendering, 
is produced by the conl^t of the paper under pressure with the highly polished 
and sometimes heated cast iron rolls. It 'will, therefore, be understood that the 
machine being described glazes the paper on one side only, as is required for so many 
piirf)Osos. 

The driving of the winding-off and the winding-on reels presents a problem of some 
difficulty to solve satisfactorily. Obviously as the upper reel decreases in size, the 
lower reel increases. The linear speed of the paper through the rolls has to be kept 
constant from start to finish, for tins speed affects the results obtained. It is cle^, 
then, that as the calendering proceeds the revolutions of the upper reel have to be 
increased, while tliost' of tlie lower have to be decreased in order to mauitain a constant 
|)eripheral spccxl, and thus avoid the tearing of the paper at either reel. This is achieved 
in the case; of the top reel of the machine being dealt with by allowing the puU on the 
jiaper itself to drive the reel. A hand brake C, Fig. 106, is fitted to the end of the top 
reel spindle, and as the calendering proceeds this is progressively cased. It may 
surprise some to learn that the paper is strong enough to make tins possible. The 
machine in question is specially intended for calendering heavy material. Such 
material may have a tensile strength in the direction of the pull of as much as 26 lb. 
or more per ineh of width. The roll of paper shown in the view on page 122 is about 
10 in. wide, so that its total breaking strength is something like 400 lb. 

The lower reel is positively driven by gearing from a countershaft roceiving power 
from the motor tlmuigh a silent chain. The sprocket wheel on the eountershaft is. 
associated with a friction clutch arrangement, which is operated by the attendant to 
»lecrraso the speed of the lower reel as the calendering proceeds. This detail is illus¬ 
trated livter in this chapter in connection with a machine of a differont class, on which 
it is also to be found.. 

In Fig. 106 and on page 123 w'c illustrate a much larger calendering machine—a 
super-calender—which has been constnicted by the same firm of engineers for the 
Dnih/ Teleymph paper nulls at Dartford, Kent. This machine has ten rolls, each of 
which has a working length of 130 in. Five of the rolls are of chilled cast iron and 
five of iron coveml with raw cotton. All the cotton rolls are 18 in. in diameter. Start¬ 
ing at the bottom, the cotton rolls are the second, fourth, fifth, seventh, ami ninth. 
The lowest chilletl iron roll is 26 in. in diameter, the tlurd 14 in., the sixth and eighth 
12 in., and the top one 20 in. 

It will bo noticed that the cotton and iron rolls are not alternated throughout, 
the fourth and fifth both being cotton. Both sides of the paper, therefore, are calen- 
dored in this machine. One side receives five passes against a chilled iron surface and 
the other throe. This results, apparently, in a certain inequality of finish on the two 
sides, although as the two lower iron roUs arc of increased diameter the inequality 
is less than it would bo if all five wore the same. It will bo noticed, too, that the rolls 
numbered 3, 6, and 8 are steam-heated, so that there is one heated roll for one side 
of the paper and two for the other. This, of course, tends to increase the apparent 
inequality of the finish. 

The explanation of this departure from symmetry is simply that the paper as it 
reaches the calender is, by reason of its having been deposited on a wire cloth in the 
Fourdrinier machine, already “ one-sided,” and by calendering the side that rested 
against the wire more than, the other, an effort is made to produce a finished material 
with an equality of surfaces. The reader may examine for himself how very nearly 
tins object is attained in the case of the paper in question. He will equally readily 
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discover instanws, frequently intentional, in whicli there is much disparity in the 
finish of the two sides. 

Ill the machine being described, the same mcthwl—a pile of weights. A, Fig. 11)6, 
levers and nxls—is used to supplement the weight of the rolls, as in the previous 
instance. A hand wheel, worm and quadrant, however, repldce the hand lever for 
throwing flie IikmI out of action. 

Till! main source of jiower is a 100 horseqiowcr electric motor. The transmission 
from this is taken through a fli'Nihle coupling and a cast stiH-l Citroen gear pinion 
to a civst iron Citroen gear wheel mounted on the end of the third roll and running in 
an oil bath. The speed of the motor can be varied to suit the calendering conditions, 
and covers a range giving a linear vehwity of the paper through the macliinc of from 
40 ft. to 400 ft. per minute. The higher speeds are, perhaps, less seldom required, 
and special provision, including large electrical resistances, is mode for running the 
nuudiiiie at long stretches at 40 ft. to loO ft. jK'r minute. At certain suitable points 
press-button controls are jirovided for slopping the motor quickly, a desirable feature 
in machines of this si/e, and of much use wlicn the |jajier is being led through the rolls 
at the commencement, of ojierations. 

As some of the rolls with tiu'ii' bi'aekets weigh as much as 10 tons, it is not surprising 
to find that electrical is substituted for hand power as a means of sejwrating thorn 
at t he end of the run, even although th(> rolls may have to be lifterl ouly once a day. 
and at. tiiiu-s only ouci‘ a week. For this purjiose a small electric motor is fixetl on top 
of one of the standanls. an<l operates, through a shaft and worms, the nuts on the 
thrust risls transmitting the extra loading on to the top roll bearing. A large threadcfl 
shaft, jiortions of which can be seen at B, Fig. 106. inns from the top roll bearing down 
iH'hind the others. Adjusting nuts are jwovided on this shaft beneath each of the 
eight intermediate roll bearings. 'Thei'e is J in. clearance between the bearing of the 
ninth roll and its nut. j in. between the next, g in. between the next, and so on. Hence 
when the to]» roll is lifted IJ in. all the rolls are sejiaratwl by J in. 'J’he third, or 
driving, roll has. it will be seen, to rise by J in. This is easily acconimodatetl by the 
ilriving gear. The jiipes of the steam connections to the three heated rolls are bent 
circularly to jirovide t.lic required flexibility. 

The spiiulle for the lower, or winding-up. reel of jiaper is dropped into brackets 
fixes! as regards their vertical fiosition, but slidable in and out to suit varying lengths 
of sjiindle. The spindle is driven through gearing from a shaft receiving its power by 
belt from t.lie main motor and carrying, as in the previously elesc.ribt'd calender, a 
friction clutch arrangement for varying t he spml as the reel grows in size. The spindle 
for the iqiper, or winding-off, reel is dropped into brackets formed on blocks that can 
be moved up or down on two vertical pillars. The raising or lowering of these blocks 
is accomjilished by means of a third electric motor mounted on the top platform, and 
rlrivhig in unison two screwtHl shafts passing down in front of the jrilj^rs. Automatic 
switches aiv providwl to prevent the blocks being overwound at either end of their 
travel. The iqiper reel spindle is braked as before. The strength of “ news ” paper is 
about ID lb. per inch of width, so that in this macliine when running fidl width well 
over IDDD lb. is available for driving.the upper reel. 

It is ei'onomical. whether making paper for stock or to fulfil specified orders, to 
make it in the first instance the full width jiossible on the Fourdrinier machine pos- 
sesstd, and afterwanls to slit it into the required size. The deckle straps on the 
Fourdrinier are. as we have set'n, adjustable to control the width of the paper being 
made, but this a<ljustmout is intended more for the purpose of making the width of 
the pajier a multiple of the width finally required than ns a means of getting the 
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iiiushcd width straight away on the machine. The economy of this metluxl of working 
arises from the fact that it takes practically the same amount of power and the samo 
attendance charges to work the machine at its full width as at any lesser. Even in 
the case of a paper mill working entii-ely and constantly on one order as, for instance, 
a mill owned by a daily newspapt'r, the practice is to make the paper several times 
the width of the reels in which it is finally handed over to the i>rinter. As an example, 
we may qnote the case of the mills of a large daily paper, one of the machines at 
which is capable of turning out paper over 120 in. wide. The paper is, we believe, 
afterwards slit into thrw. 

In Figs. 107 and 108 we illustrate a machine ma<le by the West End Engine Works 
(. 0 . for slitting the paper in this manner. Tliis machine is known as a friction wiiuh'r. 



Fi«i. 107.—OO-incli Slitting and AVindiiig Macliine. 


As shown in our engravings, it is dealing with a reel of paper 92 in. wide, and is slitting 
ami rewinding it into four reels, each 22| in. wide. It will bo noticed that a strip 1 in. 
or so vide is trimmed off each of the two original etlges. The machine can bo adapted 
very readily to perform nothing but this trimming operation on a rtitd of any size up 
to 92 in. in width, or it can slit the reel into any numlKT of webs np to four of equal 
or dissimilar widths. 

The original reel is mounted on a spindle, winch js supported in brackets that can lie. 
adjusted towards or away from one another to suit vaiying lengths of reels and sjnmlles. 
This reel, like, the top reel of a calendering machine, is not driven mechanically, the 
pull of the paper bt*ing sufiScient to rotate it, and is braked in order to maintain the 
requisite tension in the paper. The braking arrangement is automatic, that is to say. 
as the reel is reduced in size the braking force is progressively eased to maintain the 
peripheral speed of the reel constant. This is accomplished by leading the paper 













Fio. 108.—90-inch Slitting anil Wimling Machine—West End Engine Works. 
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round a roller A, Fig. 108, which is mounted on arms extending from a shaft B. At 
one end this shaft carries a weighted arm C, and at the other is coupled by crank and 
rod to a shaft D. This shaft carries a sliding sleeve provided with a crank, wliich is 
coupled to a brake hanger, the pad of which bears against a brake drum E. The brake 
dnim is driven by gearing from the reel spindle. The drum, the hanger, and the gear¬ 
ing are carried on the spindle pedestal, and partake of its movement when its position 
has to be adjusted. The sleeve on the shaft D is also connected to the pedestal so as 
to slide with it. If the reel tends to unwind loo fast the lover C will fall and the brake 
wUl be applied to check the speed, and vice versa. A second brake hanger on the 
drum can be controlled by hand from the front of the machine. 

From the roller A the paper is led round a roller F, to which a counting device is 
geared for measuring the number of yards of paper being slit and wound. Should the 
paper break aocidentaUy, the lever C will, of course, fall. Tliis applies a brake 0 to 
the counting roll at once, and prevents a wrong reading of the length being given. 
The paper is next passed over the power-driven draw roll H. and so to the five sets of 



circular slitting knives. Those knives, with their brackets, may be arljusted along the 
bed to suit the width of web desired, or one or tw'o may bo removed entirely to suit 
the number of webs. 

The paper thereafter passes over suitable leading rolls to the winding-up spindles. 
Those spindles are carried on brackets bolted to the front of the machine, and while 
they are all in the same vertical plane they are alternated as regards height. This 
arrangement is a feature of the machine. Its strong points are the accessibility it 
aSonls to each spindle separately, and the shortness of the spindles which can bo 
employed. There are several other possible arrangements, but thej' involve either the 
use of spindles three or four times the width of the reels or the placing of one or more 
of the spindles horizontally behind the others. 

Each winding-up spindle is separately driven hy silent chain from the main driving 
shaft J. As in a calender, arrangements have to be made for decreasing the revolutions 
of the spindles as the reels grow in size, so as to keep the linear velocity constant. 
The device employed for this purpose is illustrated in Fig. 100, and is the same in 
principle as the corresponding device employed on the calenders by the same makers 
described above. From the main shaft power is transmitted by chain to a sprocket 
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wbtHjl K, mounted freely on a malleable cast iron sleiive L. The wheel K is flanked 
on each side by a Kero<lo friction disc and a conical plate MN. The plate M is fixed 
to the sleeve, while the plate N is keyed to slide on it. Within the sleeve a sliaft slides 
on a key, and from this shaft the reel spindle is driven by gearing. The action is simple, 
to scr(!W tlie plate N against the sprocket when.'!, or to ease it, and thus tdlow the drive 
to grip or slij) by the right amount. 

Silent chains are user! throughout this machine. The driving power is derived 
from an electric motor of 25 horse-power, the speed of which can be varied from 300 




to J0(K» revolutions per minute. The average sp«H>d at which th^ paper is slit and 
re-wound is 600 ft. per minute. 

For many purposes the papermaker lu»s to deliver his paper not in reels, but in the 
torm of sheets. When such is the case, the machines employed to cut the web are of 
the nature of those shown in Figs.' 110 and 111. Of these, the line engraving repre¬ 
sents a duplex cutter made by James Bertram and Son, Limited, while the half-tone 
engraving is of a small niachine made by the West End Engine Works Co. In each 
case more than one web’ can be cut at a time. In Fig. 110 the various webs are gathered 
together between'the feeding rolls A, and are thence passed simultaneously between 
the slitting rolls B. The sub-divided webs thereafter are taken between the feeding 
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rolls C. As they pass over a “dead ” knife fixed crosswise on the bed, a revolving 
knife fixed across discs on the shaft D—plainly shown in Fig. Ill—descends at regular 
intervals and severs the web into sheets. The sheets fall on to an endless travelling 
felt E, off which they are collected and piled eitlier by hand or by such automatic 
devices as Vickery’s lading machines. It is customary to drive the' feeding rolls at a 
constant rate and to varj' the size of sheet cut by changing tlie sfieed of the revolving 
sipiare cutting knife. In both the macihincs illustrated this speed aljustment is 
provided for by means of expanding Ijclt pulleys. 

The cutter shown in Fig. 110 Ls of the duplex type, that is to say it is provided with 
a second revolving cutter at F. After slitting, one or more of the s>d)-dmsions of 
the webs may be led over the roll? G H to the second c,itter. while the othcre pass undcr 
tho first. By tliis arrangement shet^ts of tw'o different lengths may be cut simultane¬ 
ously. These maeliines are run at any speed up to about 180 ft. j)er minute, and aiv 
commonly made to cut sheets ranging in length from, say. 12 in. to 100 in. 

It is usual to set the revolving knife across its supporting discs at a slight departure 



Fig. 111.—Small Sejimre Cutter—West End Engine Works. 


from perfect parallelism with the disc shaft. This is done for the same reason as the 
moving blade of a shearing machine is set angularly to the fixed blade, namely, in 
onler to shear the work progressively and not all at once, and so reduce the force 
rotjuired. In the present case the displacement of the blade would, in view of the for¬ 
ward movement of the work, result in the cut being made at other than a right angle 
to the edge of the paper, unless the cutter shaft were, as it is, displaced angularly 
through a corresponding degree. If the near end of the cutting knife leads, the far 
end of the cutter shaft must be arlvanced relatively to the near end. The displace¬ 
ment of the blade on its discs and the forward rate of feed of the paper being 
constant, the amount of the advancement of the shaft required to give a square 
out varies inversely as the speed at which the knife revolves. For each length of 
paper cut, therefore, there is an appropriate angle of advancement. The adjust¬ 
ment of the angle is effected by means of the set screws J,.Fig. 110. 
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This angling of the cutter shaft is not to be confused with what is known as an 
angle-cutting machine. The latter is, or may be, very similar to the machines 
described above, with the addition that the cutter shaft is pivoted at one end, while the 
other bearing is free to be adjusted anywhere on a horizontal arc, so setting the shaft 
at any angle up to, say, 60 dog. relatively to the cross direction of the web. The 
sheets are thus not cut square, but at that angle which will involve least waste of 
material to the user. Such angle-cut sheets are in principal demand by envelope 
makers. It may also be added here that the atloption of a duplex cutter, such as 
described above, has a similar purpose in view, namely, the prevention of waste; 
this time, however, in the mill itself. As we have already said, it is economical to 
run a Fourdrinier always at or near its full width. Tliis width, let us say, is 100 in. 
An order may bo received for sheets measuring 40 in. square. It would not bo usual 
to sot the deckle strai>s in to 80 in. to fulfil this order, but to make the web the full 
KM) in. wide in the first instance and then by a duplex cutter slit and cut it into two 
pihfs of 40 in. by 40 in. sheets and one pile of 20 in. by 20 in. sheets, or 20 in. by 
any other standard dimension. If a duplex cutter were not used we would have left 
on our hands a pile of sheets 20 in. by 40 in., for which there may be no demand. 



CHAPTEE XIV 


WOOD PULP 

This book would b© regrettably incomplete if we failed to include in it some ooeount 
of the prooesaes and mochineiy associated with the production of paper from wood. 
Introduced into this country about 1870, wood as a paper-making material has come 
to occupy a most important position. As is well know'ii, practically every one of our 
daily newspapers are printed upon paper made exclusively from wood. What this 
means may be gathered from the fact that an important Ismdon morning journal 
selling at a penny uses, on an average, about 50 tons of wood pulp per day. A group 
«tf throe other Ijondon papers uses over 1000 tons a week. i\dding some 24 per cent 
to these figures for loss in manufacture, we find that here alone we have a consump¬ 
tion yearly of paper produced by about 84,000 tons of wood. In a recent year this 
country imported wood pulp of all kinds amounting fo 839,0tH> tons, and valiiwl at a 
little over £4,000,000. 

It woukl be a great mistake, however, to suppose that W'ood pulp is used by the 
papermaker solely for the production of the (sheap and often verj- poor quality of 
pajx'r on wliich the daily newspaper is printed. As a matter of fact, what is known as 
art pjiper is sometimes wholly and sometimes in large ])art compostHl of wood pulp. 
I'^rom “ art ” to “ news ” paj)cr there arc many gradations, all of which may contain 
more; or less large <pianti1ies of this material. 

As we shall e-xpLiin shortly, there are two e.lasses of wo<kI jmlp in iiso, Jiamely 
mechanical and chemical. The latter is fivijm-utly ivferml to ns sulphite wood pulp, 
because in its most widely tistnl form sulphurous acid plays an inqiortant part in its 
formation. With tliis e-xphniation, the table given ludow showing the composition 
of certain typical papers should serve to disabuse th<f rc'ader's minfl of any pre¬ 
conceived idea as to the uses to which wood pulp is put. The jtercentages given in the 
table relate, it will be understood, to the composition of the fibrous |Mirt of the paper. 
Amdysed on a weight basis, this fibrous jiart might in the case of a high-class art 
paper be found to represent only about two-thirds of the total constituents, the 
remaining amount being the loading, sizing, &c., materials. In the case of "news” 
paf)er, ivnything round about 07 per cent of the total might bo fibrous, the 3 per cent 
being loading. 

CoMmsmoN (Fibrous) of Tvpical Pafjskh 


Heavy iniital ion urt 

Kwitarto 

IMT fPIlt. 

so 

.Silliiliitr 
iwr n-nt. 
20 

Imitation art . 

»0 

10 

High-vlasB art . 

+.5 


Antique wove printing 

!)5 

r, 

Esparto printing 

,. 80 

20 

Sulpiiito printing 

— 

100 

Common art 

00 

10 

Common news . 

10 

90 

High-rlass news 

80 

20 

Cartridge 

M 

09 

1 


It will be seen from this table that sulphite wood pulp is to be regarded as a superior 
material to esparto grass, while mechanical wood pulp is considerably inferior. 
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Th«> ilitfercnccs between heavy imitation art paper and esparto printing is consider¬ 
able, and is due to a coiTcsponding difference in the amount of loa^ng material 
eniployc'd, and the extent to which the calendering is carried. A similar remark 
a|)plicH to the jm|K‘i-s called “sulphite printing” and “cartridge.” 

The w'oods emjdoytid for the production of both kinds of wood pulp arc those of 
eon(;-bearing trees, siudi as spnice, fir. pine, &c. The trunks are sawn up into lengths 
of about 2 ft., and in this condition are deprived of their bark either in a barking 
niacthinc, which cuts it off by means of revolving knives, or in a “ tumbler,” a circular 
fh'uin filled with hot water and acting oji the same principle as the “ nimbler ” used 
for dressing iron eastings. The best pieces, those free from knots, for instance, are sot 
asiile for tn'al inent by the eheinical process. 

Mechanical woikI pulp is nothing else than gnnind-up woml. It may contain not 
runch moi«* than on jier lient of collulo.sc‘, and includes all the resinous matter and 
other sidistances, such as lignin, of the original wochI. In the presence of these 
impuritii's, jiartietdarly of the resin, is to l)c found one cause of the poor ipiality of 
paju'v |ir<Hlueed fi'om this jiul]). 'I'he jirocess emjd.n'cil in its preparation is simply 
to grind the piv|iared pieces of woikI against a rajridly revolving sandstone. The 
gj'inding is carried out in the ju'csence of water, and by varying the amount of llio 
water ii.sed and the (tondition of the suriace of the st>>ne two broiwl qualities of pulp 
can l>e prodiuied, hot and cold ground pulp, of which the hot ground stuff is the 
loiigher and stronger. The pulj) is screeneil to remove the coarser material, and is 
then formed into sheets or slabs by an ingenious machine, closely JX'sendding a 
(‘oiiper concent rat OI-. T’hese sheets or .slabs are then pres.sed hydraulically, when 
they are ready for exjuirt. As they ari'ivc at the. mill t.hey contain about 50 jjer cent, 
of diT ]»ulp and 5 o per cent, of water. 

In the ease of eheinical woihI jnilp eveiy elfort is made to arrive at a substance 
which is as nearly as possible aU cellnlosi'. The remoi’al of the non-fibroiis and 
resinous constituents of th(‘ original wood is effected by cutting the jirepared and 
selectisl logs into chips and digesting thesi' chips with chemicals in much the same 
manner as is done with all the other raw materials uschI by tlu» jiapermaker. In the 
case of <■<>11011 rags. i*sparto. &c., the <ligesting chi'inical nearly always <‘mployed is 
caustic soila. This sub,stanc<‘, too, is sometimes useil with woo<l, anil gives us what 
is known as sofla wooil jndp. But by far the eommoiK'r methml is to <lig<-st. the chij)s 
in a hot solution of bi.sul|)hite of lime unilor jiressuix'. This gives us the product 
Ciunmonly known as suljihitc wooil piilji. The bisulphite of lime is usually pri'pai’wl 
at tlu- site by burning sulphur or pyrites an<l causing the suljihur dio.xule to unite 
with lime in the pres<-nce of water. ,\fter being washed an<l sc.r<’<*ned, the raw pulp 
is work<‘<l up into <li'y sheets on a mai-huie almost identical with a Founlrinier pajior- 
making machine. Thes<' slus'ts, or slabs, after l>eing cut up to convenient siitos, are 
reiwly for <‘xj)orl. ^ 

It is not. ]>i)ssible for us to <l<‘scribe aiul illustrate the construction of actual examples 
of several of the machines which, as indicatisl above, arc employwl in the conversion 
of felUnl tree trunks into she<>ls of wu<nI pulp. Although them are, we believe, three 
wo<xl-pulping works in this counti’j'. British engineers, it seems, <lo not lay thcniselves 
out to supply the necessaiy plant, dust as our principal su])])lies of w'ood pulp come, 
or came, from Caimda. Seniulinavia. aiul Germany, so, too, do wc find the engineers of 
these counti’ies chi;'(iy re'sfionsible for the manufacture of the machini's and appliances 
used in the iiKlustry. This is part.icularly true in the case of mechanical wood pulp, 
and beyond the references made above, we arc unable to illustrate from the practice 
of British engineers the construction and working of barking machines, tumblers. 
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wood-grinding maobineH, centrifugal ftcreens, and the eheet-foming oonoentratora 
or wet pressing machines, as they are called. With regard to the plant employed in 
the production of chemical wood pulp, we are in rather a better position. 

Under this process, as we have said, the best pieces of the sawn-up trunks, after 
having been deprived of the bark, are reduced to chips preparatory to being digested. 
A wood-chopping machine for this purpose made by the Glossop Ironworks Company, 
Limited, is illustrated in Figs. 112 and 113. It consists of a heavy cost iron disc 
keyed to a stout shaft, which runs at a speed of 150 revolutions per minute. The 
shaft is provided with means for its endwise adjustment, and runs in self-oiling 
phosphor-bronze bearings. Four steel knives are inserted in the face of the disc, 
and these can be adjusted so as to project by the most suitable amount from the face. 
A cast iron fee<ler box, or shoot, is bolted to the bed to one side of the shaft, and 
is arranged to present the logs of wood to the knives at such angles, vertical and 



flu. 113.- \Vii<Kl-<'lii)]ipiiif' Mavliiiic. 


horizontal, as have from experience been found to result in the least amount of shook 
when the knives strike the log. The shoot is liiuvl with steel plates, which can bo 
readily removtxl should their replacement be necessary. 

I'he disc is enclosed during working within a sheet iron casing, from which the 
clkips are dischargotl into an elevator, or on to a conveyor by the centrifugal force 
imparted to them by the revolving disc. Two small projections, or “ bangers,” are 
let into the periphery of the disc. These serve to clear out the chips winch fall into 
the S]>ace in the bed beneath the disc. No definite information is available regarding 
the power consumption of this machine. A constructional feature of it is worth noting. 
The slots for the knives, it w'ill bt> seen, are continued down to and through the 
boss of the disc, and the boss isi hooped with a pair of shrunk-on rings. This 
construction is lulopted with a view to minimising the unknown internal stresses 
produced in the neighbourhood of the boss by the contraction of the metal after 
casting. 

The* flakes, or chips, of wood thus produced may, if it is thought necessary, be 
passed through a sifter, which separates the smaller pieces from the larger. Such a 
sifter usually consists of an inclined revolving drum having open ends, and with its 
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oylindrioAl Butface fanned of fine wire netting supported on a framework. The< 
smaller pieces of wood pass through the netting. The larger travel to the lower end 
of the drum, whence they are discharged. It is thus possible to deliver to the digester 
pieces of wood all, in each charge, of much the same size. The object in view has itS' 
parallel in the domestio kitchen. A good cook, when boiling potatoes, selects each 
batch as nearly as possible of the same size individually. 



Fio. 114.—Stationary Digester—Bertrams’. 


Two forms of chemical pulp digesters, as supplied by Bertrams, JLdmited, are 
illustrated in Figs. 114 and 116. In one form the vessel is arranged vertically on 
fixed pedestals. In the other it is horizontal and can bo rotated by power exactly 
like an ordinary cylindrical rag boiler. The digester is sometimes made spherical in 
shape. As an indication of the size, we may say that the vertical type may be 40 ft. 
or 60 ft. in height by 12 ft. to 16 ft. in diameter. In either form illustrated, the 
digester consists of little else than a strongly riveted steel shell with suitable inlets 
and outlets for the steam and the pulp. The chief technical interest lies in the lining. 
If the soda process is in use, no lining need be used, for caustic soda in the strength 
employed has no action on steel. But if the sulphite process is adopted the steel 
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has to be protected from the corrosive action of the acid-like bisulphite of lime or 
othCT salts of sulphurous acid. The lining commonly adopted consists of bricks, 
or tiles, held in place by cement or lead. The digesters illustrated are, however, 
providwl with what is known as Preston’s patented lining, for which, we understand, 
cttrtain arlvantages arc claimed. This lining consists of tiles embedded in a peculiar 
paste or jdastic material, consisting of asbestos and a solution of silicate of soda, or 
silicate of jiotash, or a mixture of the two. Silicate of soda alone seems to be the 
preferable fon»i. This paste is used not only for holding the tiles to the sides of the 
digester, but for “ pointing ” them and for making joints. 

The largest size of upright digester may hold as much as 20 tons of wood chips 
at one charge. The digesting process may be conducted at a pressure of about 80 lb. 
jMir scjuare inch, and lasts for eight hours or so. This applies to sulphite pulp. Eor soda 
j)ulf> th(! e.onditions arc similar, except tliat usually the revolving type of boiler is 
used. In both instances the condensed heating steam accumulates in the digester 



Fj(i. 115.- {{evolving Digester—Bertrams’. 


and mixes freely with the pulj). Another form of working avoids this by circulating 
the steam through coils of leiul pipe. The pressure inside the digester in this case is 
kept low. say round about J 5 lb., and the digesting process is maintaiiuH.! for a pro- 
jiortionat-ely longer time, averaging about foity hours. The I’esiilt of this “ slow 
eo<»k ■’ process is a sulphite pulp dillering considerably fiom that produced by the 
“ tpiick cook ’■ ))rocess. It may be here mentioned that many moiyfications such as 
this are possible, and are in use. As illustrating this point, we may refer to the 
|)roductiou of “ kraft" paper, that is a certain quality of verj' strong and remark¬ 
ably tough pajxT having a yellow colour and used chiefly for wrapping purposes and 
the manufactuiv of bags. This paper is produced by incompletely digesting the 
wood in old soda lye, and by completing the disintegration mechanically with an 
«lge runner or “ kollergang," such as we described in a preceding chapter. 

After digesting has been completed, the steam is shut off and the outlet door 
0 |H'ned. The pressun* witliin the boikr blows the pulp out of ft and into a tank, 
where the stuff is strained and washed. 

The digcstetl, strained, and washed pulp is worked up into the form of thin sheets 
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on a machine of the Fouidrinier type. An example of euoh a machine— a pulp- 
drying machine as it ia called—is illustrated in Fig. 116. This example is taken 
from the practice of Bertrams, Limited. Such a machine is not used exclusively 
for working up chemical wood pulp into sheets. It is employed also in converting 
raw pnlp derived from esparto, sugar cane refuse, bamboo, ftc., into dry sheets ready 
for export. It may be pointed out that the export of dry sheets of pulp rather thim 
the export of the untreated raw material is economical in many cases, the deciding 
factors being the percentage of useful fibre contained in the raw material and the 
freight charges in force between the points of production and consumption. Sugar 
cane refuse and bamboo and, to some extent, wood are commercially practicable 
soitrces of paper-producing pulp, only provided the valueless stuff in them can be 
eliniinated from them at the point of pn^uction. 

As will be sc‘en from the engraving, a pulp-drying machine is almost identical with 
an ordinaiy Fourrlrinier. There are, however, quite a number of points of minor 
diffenmee. The width of tho wire is much the same as in an ordinary Fourdrinier. 
During the last twenty years Messrs. Bertrams have built pulp-drying machines, 
tho wires of which have varied in width from 94 in. to 169 in. The speed of the wire, 
however, is considerably less. It depends, of course, upon the number of drying 
cylinders in use, but on tho whole speeds of 50 ft. to 100 ft. per minute are most 
eomiiKm. Our engi’aving shows a macliine with eighteen drying cylinders sot in two 
tiers. At times as many as fifty drying cylinders may, however, be employed, in 
whicli case tliey w’oiild be arrangwl in three tiers. 

The strength of tlie pulp sheets being of no consideration, the wire frame of tho 
(hyer is imt miwle to shake, as in an oniinaiy Foimlrinier. Our engraving certainly 
shows the wire frame sup])orted on shaking joints. These are providf>d in order that 
till" machine at any time may, if desirerl, bo convertotl readily from a pulp dryer 
to a ])a]ter-making machine. ..Vlthungh the pulp sheets are many times as tliick as 
a slieet of paper, and consequently have to be drained of considerably more water, 
the vacuum employcsl does nut differ materially from that used in a Fourdrinier. It 
may actually be a little less. The explanation of tliis lies, of course, in the greatly 
r<*dueed stK-ed with which the sheet passes over tho vacuum boxes. 

()ar engraving shows a diy-er fitted with a pair of couch rolls and two pairs of press 
rolls. In connection wdth tlie latter, an important point of difference is to be noted. 
If oiu- of the engravings of a Fourdrinier already given be studied—^Fig. 51 on page 66 
for ])reforence—it will be found that while the paper is led through the first pair of 
])ress rolls in the direction from the wet end to the dry end, at tho second pair it is 
led tlu’oiigh in the direction from the dry end to the wet end. The paper, in fact, 
at (he second press rolls executes an iS-shapcd turn, tho rolls being situated at the mid 
point of the figure. The result of this is that the lower surface of the paper, tho 
surface, that is. Avhich shows the marks of tho Fourdrinier wirj cloth, is brought 
upiiennost at the second press rolls, and fs subjected to tho pressure of the smooth 
metallic surface of tho upper roll. This greatly assists tho removal of the wire marks 
from the original lower surface, but it clearly complicates the wet felt arrangements, 
and may render necessary tho use of pow'cr-driven leading rolls to move the felts. 
As tho presence or absence of wiro marks on wood pulp sheets is not of the least 
moment, the reversal made in the ease of paper is not adopted. The pulp sheet is 
passed straight through both paii-s of press rolls in the same direction. The wet felt 
arrangement, it will be seen from the engraving, is thereby simplified. 

Coming to the drying cylinders, we notice that only the first of these is provided 
with a felt. The speed is h 6 slow, and the web so stiff, that it is quite easy to lead 
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the web over the drying oylinders without the assistance of felts on all the cylinders. 
The absence of felts, however, may on occasion have to be compensated for by 
arranging pressing rolls, one at the top pmnt of each of, say, the three last drving 
cylinders in the upper tier. The use of such rolls results in a good hold being main¬ 
tained on the sheet. 

No smoothing rolls, no calenders, and no reel-up gear are provided on a pulp dryer. 
In place of the latter the web of pulp leaving the last drying cylinder is passed directly 
into a cutting machine. In our engraving this cutter is shown to consist, first, of a 
set of slitting kmves, next a pair of draw rolls, and, thirdly, a cross-cutting knife 
drum. The pulp thus leaves the machine in the form of dry cut-up boards or sheets. 
The driving gear is much simpler than that designed for an ordinary Fourdrinier, as 
no provision for changing the speed to suit varying kinds of product is neccssaiy*. 



Fio. 117.—Samples of Wood Pulp—A, Meclisuical; B, Sulphite; C, Soda. 


We cannot discover that beyond the above appliances British engineers take any 
part in supplying the needs of the wood pulper. But if the producer of wood pulp is 
thus badly served, the user of the material has nothing to complain of, and there is 
no need for him to go outside Great Britain in order to obtain all the machinery 
required to convert wood pulp into paper.‘ Many of the machines, &c., so employed 
are identical with, or are but slight modifications of, those employed in the manu¬ 
facture of paper from rags, grass, and so on. There is therefore no need for us to go 
into the details of their construction. 

As in the case of other raw material, so it is with wood pulp ; the exact practice 
followed in converting it into paper differs from one mill to another. 11 may, therefore, 
be of some value and interest if we conclude the present chapter with a brief 

‘ Wood pulp is, of oourve, used for other purpoeei as well, a notable example being He eonvenion int o 
artifioial silk. Attempts have been made to use it as a bane for the production of photographic and 
oinematograph fllmi, and as a substitute for cotton in the manufacture of exploaivea. Ibe latter applica¬ 
tion, hoarever, has not, we believe, been very successful. 
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description of the practice followed at a certain wood pulp mill* which we recently 
visited. This mill, we may say, supplies the paper used by several weU-known daily, 
wtiekly, and monthly publications. The methods of working adopted at it, although 
typical, must not be taken as being the invariable practice of aU wood pulp paper mills. 

The raw material employed at this mill is mechanical wood pulp, chemical wood 
pulp of l)oth the soda and the sulphite variety, and “ broke,” that is the waste and 
spoilt i>a]ier and the clippings obtained from the cutting machines. This broke 
originates entirely within the mill itself, and is therefore only wood pulp in another 
fonn. 

In Fig. 117 we iUiistrate samples of the three forms of pulp as received from abroad. 
All ci>me in in the form of sheets measuring about 24 in. by 30 in. The two chemical 
wootl pulps might readily be taken for rough cardboard, something less than in. 
thick. The suljdiitc ])ulp is white, or cream coloured. The soda pulp is light brown. 
Both appear quite dry to the touch, although in reality each contains about 2 per cent 
of moisture. The mechanical pulp is faintly yellowish in colour. The sheets arc about 
J in. thick, and are rea«lily split up into numerous thin laminae. They are further 
distinctly moist to the touch, and contain about 5(1 per <!ent. of water. 

The paper prcxlucod from thm* pulps is not of one constant quality. To . suit 
different orders, it may be a purely “ mechanical ” or a purely “ chemical ” paper, 
or sometliing pnxluced by an admixture of the two. Broke may be added to any in 
varying proportions. 

A purely mechanical paper involves little trouble in the preparatory stages. The 
sheets, without any previous treatment whatever, aro fed into a breaking engine 
jnovided simply with a roll, back fall, and mid feather, and are here softeue*! and 
in'oken up into a sponge-like mass, the water used being the back water dorivtxl from 
the Fourdrinier. Broke in the form of wasted shetits, clippings, and scrapings from 
the rolls of the Fourdrinier uill, if necessjvry, l>e tumbled into the breaker vat at the 
same time. The average charge is about IKK) lb. of dry stuff. The breaking process 
liksts for about twenty minutes. During this time the alum, clay, resin, &c., arc added 
to tho stuff, although in many mills these materials arc not added until the beating 
stage is reached. 

The broken stuff is then deliveroil direct into tho beaters, of which roughly there 
arc two for each breaking engine, since the beating process takes more time than the 
other. Bleaching is entirely omitted in this mill at least, so far as mechanical pulp 
is concerned. If tho resultant paper be too yellow to suit tho customer’s require¬ 
ments, a little mauve dye added to the pulp during the beating process uill make 
the finished paper as white as it need be. In reality, of course, the mauve on top of 
the yellow makes it faintly grey. From tho beaters the stuff is passed through a 
refining engine, whence it is delivered to the stuff chests in the machine house. 

The paper thus produce<i is, of course, of a very poor quality, but it is thought good 
enough for many purposes. Its cheapness and tho rapidity with wluch it can be 
produced in large quantities make it especially sought after by the daily Press. 

The preparation of chemical wood pulp is conducted with greater pains. The sheets, 
sulphite, soda, or both, are broken up in a breaking engine, just as before, but with 
the addition of a measured quantity of bleaching liquor. It may be noted hero that 
in some instances the inside of breaking and bleaching engine vats have been enamelled 
to prevent corrosion, contaminating tho pulp. The practice does not seem to be 
altogr.thor desirable, for we aro infomrod that the enamel after a time has been found 
adhering to the first few drying cylinders of the Fourdrinier. At any rate, it seems 

‘ Not tho Dailif Telegraph mill. 
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to be superfluous. In process of time the bleaching solution, as was pointed out to 
us at the mill visited, lays down over the wetted surface of the vat the best of aU 
enamels, presumably a deposit of lime. 

When the stuff has been sufficiently “poached,” or broken up, and has become 
thoroughly impregnated with the bleach, a valve at the foot of the vat is opened. 
The stuff may bo so thick that it will not flow out tlirough the opening. If this is so, 
some spent bleach liquor strained off from a previous charge, or “ furnish,” is mixed 
with it to reduce its consistency. The undiluted stuff is a sponge-like mass, of a colour, 
too, quite like that of a sponge, for the bleach has not, so far, had time to do its w'ork. 

We now pass to the floor below. Here we find the stuff descending from the breaking 
engine into a brick chamber provided with a tight-fitting door, and a floor fonned of 
perforated plates of zinc and perforated tiles. The stuff is kept shut up in this chamber 
for at least twelve hours, and for twenty-four hours if there is time enough to spare. 
By the end of tlds period the bleach has enthely drained away from the fibrous stuff, 
and this now looks like white snow. No washing is thought necessary with this 
method of working, and that its omission causes no serious trouble is evidenced by the 
a])pearanco of the Fourdrinier cylinders, and by the fact that no complaints, or so 
we understand, have ever been received from customers which could be trad'd to the 
presence of free bleach in the paper. No “ anti-chlor,” that is sodium thiosuljihite 
or sodium sulphite, it may be added, is usdi. 

On the sam? floor as these straining chambers w'e find the bleach mixers. These 
are of the type described in our third chapter. The practice at the mill visited is to use 
7«() lb. t-o 8(t() lb. of bleaching pow’dcr to 2(M»0 gallons of water. The straindl liquor is 
pumped to tanks situated above the level of the breaking engines. 'I'o similarly 
situated tanks the s{>ent liquor passing away from the pulp straining chambers is 
also pumped for use as mentioned above. 

At the mill in question the straining chambers are on the ground floor. Economy 
of labour w'ould no doubt have resulted if the breakers had been on the second floor, 
the strainers on the first, and the beaters on the ground. As it is, the breakers and 
beaters are both on the first. The workmen, therefore, load the strained and bleachdl 
stuff into barrows and carry it upstairs to the beating engines. The beating process 
is in no wise different from that referred to in connection with mechanical wood pulp. 
Water has to be added to the strained bleached pulp before it can be beaten. Tliis 
may be the back water from the Fourdrinier. llcfining follows beating just as before. 

Thereafter the treatment of either pulp is in no essential different from that acconled 
rag, grass, or other pulp, exactly the same form of strainers, Fourdrinier and calenders 
being used to convert it into finished paper. 



CHAPTEll XV 


THE COATING OF ART PAPER 

Fob vory many purpoBOH paper, after being calendered and slit, is completely finished 
and ready for the user. But were we to stop our work at tins point wo would be 
neglecting an important part of the pai>ennakcr’s work, namely, the production of 
coated “ art ” papers. This work is to be regarded as part of the papchnaking pro¬ 
cess proper, and those manufacturers who lay themselves out to supply the demand 
for coated art pa})ers usually conduct the coating operations at the mill where the 
paper to be coated is produced. On the other hand, art paper for printing purposes 
must bo regarded merely as one of a large class of coated papers. We may have paper 
coated with tin, load, brass, gold, and other metals for decorative and wrapping pur¬ 
poses, with “carbon” for type-writing, with sand and glass for the use of wood¬ 
workers, with gum, with photographic emulsion, and so on. These papers are the 
products of separate industries, and beyond supplying the suitable raw paper, the 
pa]iermakcr has nothing to do with them. Yet in many respects the plant used in 
producing such jiapers is closely similar in principle and frequently in design to that 
used by the papermaker for turning out coated art paper. 

In tiiis and the remaining chapters we propose to discuss the construction and 
working of selected examples of the machinery and plant used in the manufacture of 
coated paper. It is quite impossible for us to cover all classes of coated paper, for, or 
so wo gather, not all the machinery used is made in this country. We find it is necessaiy 
to restrict ourselves to a discussion of the manufacture of, first, coated art paper, 
and, secondly, of coated photographic paper. These are probably the two most im¬ 
portant branches of the subject. Before the war much of the machinery used in them 
and in the other branches came from Germany. It is satisfactory to notice, that a 
reversion to this state of affairs will not be necessary. 

Tlie papermaker and the printer know two kinds of “ art ” paper—^genuine and 
imitation. With the imitation material wo are not here concerned, for it is not a 
coated paper. It is usually a paper made from esparto and sulphite wood, the former 
predominating to the extent of four to nine times the amount of the latter raw material. 
To this eomjioBite pulp there is added in the beating engine as much china day or 
other mineral matter as the pulp will hold. In the dried finisl^ state this super- 
loading may amount to 24 or 30 per cent, of the total weight of the paper. The paper 
is made, dried, and calendered in the usual way, the calendering being carri^ out with 
the surface of the paper damp. The result is a paper, if such a term can be given to a 
substance of which more than a quarter is mineral matter, which closely resembles 
genuine art paper, and which, being cheap, is used for circulars and similar matter of 
a temporary nature. Imitation art paper in some qualities is apt to be weak. 

Genuine art paper is finished and dried paper coated with china clay or “ satin 
white/’ the latter being a prepared compound of aluminium sulphate and hme. An 
adhesive such as glue or casein—a constituent of cow’s milk used in an extraordinarily 
wide variety of industries—^is added to the coating solution. The raw paper is coated 
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on one or hotli mcIoh, but the coating iit confinerl to thc.Hurface. The paper k not 
fiaturatcd throughout with mineral matter, aK in imitation art paper. In uac the im- 
preHHion of the printer’s type or engraver’s block is confined to the coat of mineral 
matter. 'J'lic ink does not penetrate into the fibrous part of the paper, which part is 
to be roganled as a mere carrier, and for this reason is sometimes xory poor material. 
If a piece of genuine art paper bo soaked in warm water the coating, if glue is the 
lulhesivo used, can be dissolved off, and with it will come any printed matter on 
the paper. I’o some, art paper is unpleasant to handle, but it is more or less a 
necessity nowadays if best advantage is to be taken of the block-maker’s art. The 
finer the screen ust^d in making a half-tone block the more detail will there be in the 
impression, and the smoother must be the surface of the paper used by the printer. * 

'I’he general lay-out of what may be reganlixl as a typical art paper coating plant is 
illustrattfd in Fig. 11«. This engraving reprcisents ati installation rtusently supplied by 
Mather and Platt, TJmitod, N(‘wton Heath, Manchester. T.i<K)ked at generally, the 
plant, may ))e said to consist of s<!veral distinct iiarts. First we have, occupying a very 
small |)aTt of th<‘ total space, the coating machim; jiroper. This machine takes in the 
reel of dry paper as deliver(*d from the Foiirdrinus’. unwinds it. applies the coating 
siibstiuice in a liejuid state to one side of it, and s])reiuls and brushes the aqueous 
mixture ev<“nly over its surface. 'I'he jmper being now weak and w«‘t. has to be handhxl 
with great care in orilor to avoid tearing it. and disturbing the evenness of its coated 
surface. It cannot', of course, b<! reelerl iij) until it is quite dry. 'I'o dry it we cannot 
employ a machine of the same type as that generally ustxl for diying tub-sized [lajMU'. 
In such a machiiu*. as reference to (’hapter XII will show, the papw wliile drying is 
carriisi i-oiind a large numlM-r of barrels in such a way that, in general, alternate 
barrels support the pap»'r on alternate sides. Tliis is a very desirable feature in a 
maehiiu’ for drying paper after it has been tub-sized, but after the pa|)er has lieeii 
coated we must not touch the coated side until it is quite dry. P'urther, the paper 
shoidd be sidqected as lit.tle as pussiblo to any action equivalent to rolling and iiii- 
Tolling it on a rcx'l, for if it is l)ent about too much there is great danger of the coating 
being disintegratwl. 

'J'he method adopted to suppoH the paper until its coating is quite dry is to hang 
it over a large number of sticks in a series of festmms or loops, and to cause these sticks 
to travel continuously along an overhead trackway so as to caiTj' the festoons with 
tiuMii. During the juvssage along the trackway the loops are subjected to the influence 
of hot air arising from the floor of the building. The traetkway need not be all in one 
straight line. The time rotpiiriHl to dry the paper w'ould, if the trackway were in «)ne 
length, result in our having to provide a coating room of inordinate length. Bj' an 
ingenious yet simple turntable arrangement the festoons can be taken off one part 
of the triu'.kway and sent back to the coating machine end of the bnikling on a parallel 
track. Our engraving shows a two-track arrangement. There may, however, be 
any number of tracks and turntables, the exact arrangement neing made to suit 
the space available. 

'I'he festoons, after reaching the end of the last tracik, have to be taken down, and 
the paper, now dried, has usually to be slit into two or more widths and reeled. 

To get the wet and weak paper off the coating machine on to the beginning of the 
trackway is a delicate operation. Fig. 119 shows the arrangement adopted by Mather 
and Platt, Limited, at this end of the plant. Between the coating machine on the 

* Tfip haif-tono Hlimtratioiui in this book an* made with scm-iiH liaviiig 120 linos to tiio inch. The host 
ultifw of duly newspaper can hardly do with scraens finer than 70 Unes to the inch. SoreenB of 250 linea 
to the Inch arc BometimoR used, but 175 lines is about the finest division in common employment. 
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right and the commencement of the overhead trackway on the left the weak and 
w'ct ))a])er has to be Hiipported on son»e «ort of roller which will apply power to the 
web lo move it forward. We cannot, of courHC, fix a co-acting roller above the first to 
give the newissary driving “nip,” for this would disturb the moist coating on the 
upper side •»{ the paper. But if wo cannot thus apply pressure to the coated upper 
side we can apply a vacuum to the iincoatcd underside. Accordingly, the supporting 
“ roller ” lakes the form of an endless felt band monnte<l on a pair (it spindles, one of 
which is driven'by power, while the other is adjustabh^ to stretch the felt. I'he paper 
rests upon the top of the upper stretch of the felt. Beneath this stretch and between 
the two spindles is a suction box, the top of which is closed by a perforated steel plate. 
Th(! vacuum is crcattnl by an exhaust fan and causers the pafHtr to be sucked down 
on 1.0 till! fell, so that the felt not only supports the paper but drives it. 

'I’he festooning devic(! is also shown in Fig. 119. Imagine the commencing end of the 
web earriixl over by hand from the suction box awl hung over a stick lying across 
the beginning <(f t he trackway, 'flu* portion between the siudion box and the stick 
hangs in a Hat curve, and on each side of this, so that the paper falls freely between 
them, is arraiigtsl an upward sloping rail of wimkI. with a chain pulley at each end. 
An endless chain passcss along the upper edge of each rail, round the pulleys at its ends, 
and round a third pulley fix(id to the floor. At equal distances apart, on this chain 
three special links are provid('d, these links being in the nature of small fing<‘rs project¬ 
ing from tlu' rest of the chain. The two chaitis are arrangcxl to work in unii.on. As 
a pail' of the fingers comes round the pulk'ys at the lower end of the rails a stick is 
automatically jmshed across them. 'This stick, travelling up, lifts the web of paper 
between the rails into a festoon, and on arriving at the toj) chain pulley is eiigagt'd 
by fingers iirojecting from travelling cluvins provided on the overh(*wi trackway. 

At the other end of the trackway the fe^doons have to be taken down from it. the 
sticks collected, and the jiaper, now drj% passed into the n-eliug machine. This end 
of the )ilant is shown in Fig. 120. 'The arrangements adopted are practically the same 
as at the entering end. excejit that the downconiing pair of endless chains runs in the 
reverse direetion and is provided with many projecting fingers instead of only three. 
The sticks, it. will be gathered, tumble off round the lower chain pulley into a stick 
collector, in which they are stonxl until they arc retpiired at the stick uptake at the 
upgoing end of the trackway. 'Phe stick collector and the stick uptake are situated 
in line, and from the collector the sticks are automatically pushed across one at a 
time as ivcpiired on to the upgoing endless chains. 'I’he paper, freed of the sujiport 
of the sticks, is taken over .-i rci'ler bridge—merely a horixontal ladder—^into the 
mding machine. The reeler bridge serves no purpose other than that of supporting 
the piiper across the gap between the stick collector and the reeler. Tliis gap arises 
bi'cause it is desirable to have the stick collector in line with the stick uptake, and 
bt'caiisi' it is usually imjK)ssible to arrange the nxding machine injiinc with the coat¬ 
ing machine. The rwling machine i:4 ]ilaced farther from the track end than the 
(Niating macliine rather than the reverse w'ay, because at the reeler end the paper, 
being dry. is better able to be led over the unavoidable gap than it is when wet. 

'The trackway is simply a series of parallel w'oeidon rails hung from the ceiling and 
supporting travelling chains, which at short regular intervals are provided ■with 
upward-projecting fingers to engage the sticks. There is considerabie interest in the 
arrangements made imbonnection with the driving of the trackway chains. The speed 
of the.paper through the coating machine is 120 ft. to 140 ft. per minute. This must 
also be the speed at which the paper is reeled up at the other end of the plant if the 
quantity of paper on the trackway at any instant is to be constant. The speed of the 
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uhttius must made auch that 120 ft. to 140 ft. of paper are Ind'past any given point 
on the trackway per minute, that ia to aay, the number of festoons passing this given 
point in a minute, multiplied by the len^h of paper in each festoon, must be equal 
to the speed of the coating and reeling machines. There is no movement of the paper 
over the sticks, so that the length in each festoon -is constant from beginning to end 
of its journey on the trackway. Hence the number of'sticks passing any point on 
the trackway per minute must be constant and equal to the linear speed of the paper 
through the coating machine, divided by the length of paper in each festoon. This 
figure, then, is settle<l by the output desired from the plant and the head room available. 

■It is not desirable that the sticks should bo close together on the trackw'ay at the 
commencement of the drying, for the loops, when being formed, are apt to swing, and 
as the coated side is inwards, the two sides of a festoon must not be allowed to touch, 
l^atcr on, when the })aper is somewhivt drier, and when the motion has become steady, 
it is desirable to rivluce the distance lietween the sticks, for by so doing a given length 
of trackway will aecommodak! more paper than it otherwise would. Where the ohango 
in the distance between the sticks is made the linear speed of the travelling chains 
has to 1 m! altered in direct proportion. If, for instance, the distance apart of the sticks 
at the laiginning is 4 ft. and the speed of the chains at this point is approximately 
38 ft, i)eT minute, as in the plant illustrateil, then, if we change the distance apart of 
the sticks to 1 ft. 0 in., we must reduce the speed of the chains to approximately 17 ft. 
per minute. This secures the condition that the number of festoons passing any given 
point per minute is constant, and, in this case, ecjual to 9^. The length of paper in eacli 
festoon in the plant illustratL-d, it will be st>en from this, is about 12^ ft. to ft. 

The change in the distance apart of the sticks and in the spec<l of the chains is. in 
I’ig. 11 8 . iiuhIc at the points G D. At thest; points the two chains on the first portum 
of the trackway pass dowi to weighted compensators guided in brackets fixed to the 
floor, and from them pass up to a pair of overhead return rails, and are so led batik 
to the entering end. The remainder of the trackway is operated by a single chain. 
This chain starts, let us say, at the point C in the plan, and losses along the outer rail 
of the first ])ortion of the trackway until it comes to the point E. Here, in order to 
avoid the turntable, it passes vertically downwards to a pulley fixed to the floor. At 
the floor level it goes across along the line E F, and rising up passes over a pulley at 
F on to the outer rail of the second portion of the trackway. Proceeding to the down- 
take end of thw rail, it is led down to a compensator and up again to an overhead 
return rail. At the end G of this it goes over a pulley, down to the floor, across and up 
to the point D on the inner rail of the first portion of tlie trackway. Passing along this 
rail, it is led round a horizontal pulley forming the nave of the turntable, and so reaches 
the inner rail of the second trackway portion. Reaching the end of this, it is diverted 
back round a compensator and along a return rail to the point H, whence it passes 
down across and up to the point C. There is no reason why two separate chains cannot 
be cmployesl after the break at C D, just as two are employed before this bi'cak. In 
our next example it will be found tliat two such chains are employed. Later on, in 
connection with another pair of examples, we will discuss the merits of the two methods. 

The outer circumference of the turntable in Fig. 118 is formed by a separate chain 
running round the semicircle from E tii> F, passing down at F to the floor, going across 
and rising up to E. This chain is driven at an increased rate so chosen that in passing 
round the turntable ttie sticks shall be aligned radially. 

To (irive the Vhole of this plant some five horse power is required, the coating 
machine taking one and a half horse-p>wor, the reeling machine two and a half, and 
the-trackway one. 
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IHL COATING OF ART PAPER {continued) 

As a Hocond example of an art ^mper coatiiig plant, we give in IMate V the eomplcte 
lay-out of an installation erected recently by Masson, Scott and Co.. Limit«!d, Fulham, 
Ixnidon, S.W. This example is particularly interesting Iwcause its tj-ackway has no 
fewer than five liends in it. Of course, it is always desirable to liave as few turntables 
as possible, for they do not tend to simplify or cheapen the jilant. The plant has, 
however, in most cases to be designed to fit into a given limited space. Our engraving 
shows how even the most ladikely shape of building may be iitilistvl for the purpose. 
Within a space of some 64 ft. by 44 ft. there has been arranged a coating machine, a 
stick uptake, a trackway in six straight lengtlis aggregating about 210 ft., five tuni- 
tabh'S adding some J1 ft. to the effective drying length, a stick downtake and ixteling 
machine, and a five-roll calender with the necessary n)-n*eling a))pliance. 

Much of the technical interest in this plant centrc-s round the manner in wfiich its 
parts are driven. As it is somewhat difficidt to foUowthe driving details in the general 
arrangement, W'c have picked out the essential features in diagram form in Wg. 121. 
In this engraving the five turntables are marked A to E. Nine countershafts P" to P 
arc shown. The chains of the trackway and turntables are shown in full lines over the 
working stretches anti in dotted lines over the rctnrn or idle stretches. Chain drives 
are shown by chain dotted lines and belt drives are indicated by slmding. 

By reference to the original drawing it will be seen that btitween the first counter¬ 
shaft—F in Fig. 121—and the electric motor driving the whole plant there arc two 
countershafts, the three belts giving a speed reduction of over 1 IK) to 1. A motor 
running at a high speed, 1656 revolutions, is chosen for the sake of it« economy and 
small size. To reduce this speed to that required for the plant spur gearing might bo 
used. Such gearing has bticn tried, we understand, for pajier coating installations, 
but it is found that unless the gearing is very carefully made and looked after the image 
of its teeth will appear on the coated surface of the paper. 

The countershaft P’ drives the shaft G by btdt. The latter shaft drives the counter¬ 
shafts H and J by chain. The sliaft H drives by chain the shafts K and L. The shaft 
K drives the shaft M by a crossed chain and the shaft P by gearing and belt. The 
shaft M drives the shaft N by crossed belt. PVom the countershaft F a belt passes 
down to the coating mactiine. This machine delivers the paper to the festooning 
plant at the rate of 40 ft. per minute. As in the previous example the damp paper 
is pulled off the coating machine by a suction arrangement. The fan creating the 
required vacuum is driven by belt from the first* of the three motor countershafts. 
The endless felt beneath which the vacuum acts is driven by belt from the shaft H. 
It will be noticed that after leaving the vacuum felt the paper is led over a power- 
driven barrel before it is lifted up by the sticks. This barrel is necessary in view of 
the length of the uptake. It is also driven by belt from the shaft H. * 

The uptake chains arc driven through gearing from the shaft L. The festoons 
arc riassed on to the two trackway chains on the lino Q R. The chain commencing 
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at Q }iai4H(\s round a riinnor at S, dcKuenda to the floor, paBso:'. acroiss and riacs over a 
pulley at T to form «)ne aide of the necond portion of the trackway. The chain atart- 
ing at R paasea round the central pulley of the turntable A and forma the other aide 
of the aecond trackway. The aame chains reappear on the third trackway and on the 
fourth trackway up to the points U At these points they are led over two pulleys 
driven through gearing from the shaft J and so down to the floor and across and up 
again to the points Q R respectively. 

The outer chains of the turntables have to be driven separately at a proportionately 
faster rate than the chains of the'main trackway, so that the sticks in passing round 
them shall take a radial aligimient. The turntable chains run around the outside of a 
curved guide. Each is separate from the others and returns to its starting-point by 
way of the floor. The chains of the titrntablcs A and C ore driven by chain and 



gearing from the shaft K. The chain of the turntable B is driven by gearing from the 
«md of the shaft H. 

Up to the line U V the pitch of the festoon sticks on the trackway is 16 in. There¬ 
after, until they reach the downtakc they are spaced 9 in. apart. This entails the use 
of a pair of separate trackway chains moving at a proportionately lesser speed. These 
two chains start at the points W X. They complete the short remaining portion of 
the fourth trackway, form the whole of the fifth trackway and all the short sixth one. 
They pass over wheels at Y Z, which are driven by gearing from the shaft M and 
return by the floor to the starting-points W X. The turntable D is driven by chain and 
gearing from the shaft C| and the turntable E from the shaft K in a similar manner. 
The downtakc is driveff at its lower end by the shaft N. The reeling machine at the 
foot of tho downtake is driven by belt from the countershaft P. The calender is 
separately driven by an electric motor. It is necessary to wind and unwind the paper 
between the festooning plant and the calender because tho latter to perform its 
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work efficiently and with the bent result niiuit run considerably faster than the 
former. 

It will bo noticed that the pulleys at the centres of the tuimtablen 1) and E are 16 in. 
in diameter, while those of turntables A, B and C arc 18 in. There is no matheimvtical 
reason, so far as we can learn or dheover. why the turntables on tlie slower reetion 
of the trackway should thus bo rmaller than those on the faster section. The reason 
why in this installation there exists a dillerence is, we believe, to bo traced in the 
natural desire of the makers to work in standard littingn and wheels. 

The design of the uptake and downtake of a festoon machine is a matter re(|iiii'iiig 
careful consideration. From the mathematical point of view th(‘ problems involv(t<l 
arc cumberrome and complex aud recpiire for their solution an ac(|uaintanec with the 
properties of catenaries. Practically it is a iiiatk>r for trial and error and for adjust¬ 
ment after erection. A power-driven drum disposed between the uptake rails, as in 
the example now being dealt with, if its final position is left to the erector, greatly 
simplifies the designer's work. 'I’hc objects to be attained in designing the u))take are. 
first, that it shall fexid the trackway with festoons just at the required rate, and, 
secondly, that while the festoons arc being formed by the upttvkc the paper shall 
not be allowed to trail at any instant on to the ground. Similar cunsideratiuiiK have 
to be kept iji mind in designing th<» downtake. 

Taking the easi^ of tlu' plant illustrated in Plafc V, we find that the output dcsiretl 
from it is 2400 ft. of paper per hour, and that considerations of lu'ad room limit the 
length of paper in each festoon to about 24 ft. To maintain the oiitjnit, therefore, 
100 sticks must pass any point of the trackway evciy hour. As the pitch of the 
sticks is fixed at 15 in. on the earlier portion of the trackw'ay and at ?) in. on the 
later, it follows that the speeds of the chains on the two sections are 1.500 in, and 
900 in. per hour respectively, or 2 ft. 1 in. and 1 ft. 3 in. per minute. 

It is clear that 100 festoons must be formed by the uptake per hour and a like number 
taken down by the dtAvntake. In general the hmgth of the ujitake and dow'iitake can 
bo fixed to suit the space available. Their highest points, of cours««, are fixed as soon 
as the level of the trackway is determined, so that their length becomes dependent 
on their angle of slope. This in turn has to be made to suit the available floor space. 
In the example now being dealt with matters have bc*cn so fixed that each endless 
uptake chain has a length of about 42 ft., W'hile the downtake cluvins measure about 
20 ft. These lengths having been fixed, we have next to settle \ipon a suitable nunibei 
of fingers for the chains. It is clear that this number once settled fixes the K})ced of 
the chains. Thus, in the example being dealt with, there is one finger only on each 
uptake chain. As the output of the plant is 100 festoons per hour, the uptake chains 
must clearly make 100 complete revolutions per hour. As the length of each is 42 ft., 
this implies that their speed is 70 ft. per minute. 

At the downtake end matters are arranged differently. It is found desirable to pro¬ 
vide for the possibility of the festoons arriving at the top of the downtake a little 
earlier or a little later than they should if they behaved w'ith mathematical regularity. 
That some latitude is. necessary is obvious when wo investigate the influence of alkra- 
tion in the length of the various driving and carrying chains produced by thermal 
and other changes. The uptake chains run in close agreement with the trackway 
chains. The d')wntake chains do not. The latter run at 14‘4 ft. per minute, or, say, 
one com.plete revolution in two minutes. As they have to take down 100 festoons 
per hour, there should be three or four fingers in each downtake chain. In .reality 
there are seventeen on each, co that on the average there are four idle fingers between 
each one occupied by a stick. The arrangement is therefore such that at whatever 
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time a stick reachcB the top of the downtake a pair of fingers on the downtake chains 
is ready to receive it, and will do so without requiring the stick to fall through a 
greater distance than 1 ft. 8 ip., measured along the slope of the downtake. 

The coating macliines, apturt from the trackway and its details, possess considerable 
interest. In Fig. 122 wo illustrate the Mather and Platt coatmg machine on an en¬ 
larged scale, and in Figs. 123 and 124 we show the Masson, Scott maeliiiie. In both 
instiuices, it will be seen, the paper is kid round a power-driven east iron drum, which 



Fio. 124.- -(Joatiiig Machine --Masson, S<Mtt. 


is 4 ft. 3 in. in diameter in the example shown in Fig. 122 and 3 ft. 6 in. in the case 
of Kg. 123. The paper makes contact, roughly speaking, with the right-hand half 
circumference of this drum, and is led off from the top on to the trackway. Alidway 
ov<ir the first quatlrant of contact the paper is taken off the drum and led round a small 
power-driven roller. At this point it receives its coating solution from an endless 
felt band, which in turn is fed with solution by a roller dipping into a tray. All the 

rollers and the tray are usually made of copper. 

O'-er the upper quadrant of the drum the paper is subjected to the action of seven 
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bruKhoH, wiiich Hjnvatl and smouth the coating material in an even manner. Certain 
of thcHc briiHhcH arc fixed, although all are capable of being adjiiRted to compenoate 
for wear. In both inHtanccB the fixed brunhoH are the firnt, the fourth, ond the aeventh. 
The remaining four are given a nhort-throw reciprocating movement, the motion 
beijig derived from a power-driven sliaft lyuig.at an angle and tangential to the 
drum. The hair in the bninheti ia graded. Referring i)artioularly to Meawfi. MaeKon, 
Scott'K machine, we find that tlie bniah which the paper first paHROs under is com¬ 
posed of hard boar briHtles. I’hc miccecding four brushes carry soft boar bristles. 
The last two (ionsist of fine badger brifstles. 

In order to facilitate leading the web of paper through the machine wlion it is being 
started iij), jjrovision is made for low(‘ring the drum au'ay from the brushes. Iji both 
instaiuMW this is effected by carrying the drum spindle at each end in a bcll-erank 
lever fulcrumed on the main frame. The ends of the long arms of these two levers 
are aeded upon by rollered lever arms on a hand-operated cross shaft. Reference to 
Fig. 124 will show that the two felt rollers, the dipping roller and the tray are all 
carried betwwm a j)alr of brackets which are pivotoi to the main frame, whereas the 
power-driven contact roUer. in passing over which the paper receivefi its coating from 
the felt blanket, is journalled directly on the main frames. The two pivoted brackets 
referred to are tied back by screwed shafts to mits on the sides of the Jong arms of the 
bell-crank levers supporting the drum shaft. By this arrangement the movement 
of the bell-crank levers to lower the drum away from the brushes simultaiu^ously 
causes the felt blanket to move back from the contact roller, thus permitting tlie paper 
to be ri'adily passtxl round the drum. At the same time th<! handles on the ends of the 
screwed shafts })ermit the position of the liinged brackets to be adjusted so tliat the 
(Ipsircxl amount of pnwsure between the blanket and the contact roller may be attained. 

Both machines aie provided with a hand-operated brake for chocking the speed of 
unwinding of the roll. In the Mather and Platt machine a “ doctor ” is arranged 
across the imr of the drum. Tliis scrapes off any of the co.atiug solution which may 
chance to gather on the drum surface, and delivers it into a trough immediately 
below. It will also be noticed that in this machine the lower felt blanket roll is posi¬ 
tively driven by means of a belt, whereas in Messni. Masson, Scott’s machine it is not 
driven otherwise than by its pressure against tlie paper us it passes over the contact 
roller. 'J’hc belt drive adopted by Messrs. Mather and Platt for the lower blanket 
roller is such that its presence does not prevent the hinged parts from being opened. 
This is secured by causing the belt to bend round a pair of rollers situated close to 
the hinge axis. 
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THE FINISHING OF ('GATED ART PAPER 


U’he (inper uh coated iu tlu' manner we have dercribetl has a <lnll. rough. Kuuiewhat 
unfiniHhed Hurface. Its appearance is converttsd to that familiar to tlie r«>ader by 
passing the web througii a calender. So far as we know tlie design of calenders for 
finishing coated art paper need bo in nowise <lifferent from that of those intended for 
dealing with oidinary uneoated paper, siieh. for example, as those we describiHl in 
(ihapter XI1 1 . Certain of the calendtw rolls may be stt'am heateil, but this is o])tional, 
just as it is %vith ordinary paper. The temperature of the heating steam—^if steam 
heating is adopted—is, however, usually a little less for c<Mit*!d than for uneoated 
f)aper. Such heating doeft not affect tlie adhesive material in the coating to any 
a)ipreciable extent. The passage through the rolls is too rapul to result in the melting 
of the geh>tine or other adhesive, as showing which it may be remarkixl that the web 
e^in be re-rwled without causing trouble im- 
nmdiately Jifter it hai'. left the last ealemlcr 
roll. It is to be noted that ordinary paper 
is best calendenxl when slightly damp, and 
that for this reason dampening macliines of 
spctcial d('sign are fre(iu(‘ntly to be found 
ill the calender-room. Such a method of 
working is not practicable with coated art 
pajier, for if this is not thoroughly dry when 
passed thiough the «-alender some of the 
coating will inevitably adhere to the rolls. ^ 

It may he doubted wiiidher dampening. ^ 

W’er;* it practicable, would achieve any good | 

I'esiilt. for it is obvious t hat the calendering 
of a coattxl art ])aper is mechanically quite 
a different prooei'.s from the calendering of 
ordimuy paper. Thus the effect is on the 
coating itself rather than on the fibrous ba<'k- 
ing. the residt being that the clay of the 
coating is compressed w'cll in among the 
fibres. 

As we have alre^idy dealt with calendeiw 
for ordinary paper at some length, we need i 

here say little about calenders for coated i , , j 

art paper. We may, however, briefly ix'feir ” ^ . 

to one design, not already mentioned, I2.">.--Ciili‘iider—Mather and Platt, 

which has found frequent application on . 

both elassttii of paper. This design, by Mather and Platt, Limited, is illustrated in 
end view in Fig. 1SS. This is a seven-roll calender having fotir chilled iron rolls and 

i.w 
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three of *’ woollen paper,” arrangtnl alternately. Tbo two intermediate iron rolls arc 
Kteam-heated. W«K)llen paper, it may bo remarked, is a special paper free from every 
trace of metallic or other foi-eign matter. In the process of making these woollen paper 
rolls, the eylimlrical surface is accurately finished by grinding. The calender illustrated 
is driven by belt through the lowest roll, but it may of course be driven through cut 
gearing from an electric motor or in any oflier manner. As usual, the weight of the 
rolls is supplementetl by a pair of weighted levers, which transmit their load on to the 
jounuds of the top roll, and which (san be thrown out of action by means of a hand 
lever. Also, as usual, provision is made for separating the rolls, so that when station¬ 
ary the iron rolls will not cause flats to develop on the paper rolls. For this purpose 
tlu! thrust rwl bearing on each top roll journal, through which the additional loading 
is transmitted, has suspended from it a |)air of rods connected by six cross pusu's, one 
below each roll end except the lowest.' 1 n the working position the distance between 
the roll end and the top of the adjacent cross bar increases pnigressivoly from the 
fs»p to the sixth roll, so that on the thrust nxl being rais(*d, as may be done by a 
chain and worm wheel arrangement, the rolls will bo separated bj' uniform amounts. 
The manner in which the journal hearings for the five intermediate rolls are supported 
and tied biwh to the standard should be noticed. The object is to secure the it*ult 
that each tw«» contacting ndls Ixfar togetlu'r along their whole Icmgth without the 
binding of the roll journals in their bearings. 

The coateii side of tho papiw makes contact only with the suriacte of the iron roUs, 
by the pressure of the smooth hanl surface of which th(! calendering effect is obtained. 
It will readily be seen that for this to be so the coated side must be the underside of 
the ]>aper as it leaves the rccl-ofl. It is also the underside of the web passing on to 
the reel-up. At timw paper (ioated on both sides is requited. Such paper could Im 
calendered on a macldnc of the type illustrated by passing it twice through the rolls, 
the entering reel being turnctl upside down on the second occasion. Alternatively, a 
calender can bo uswl. tho arrangement of the rolls of wliich is stich that two paper 
or two iron rolls are phveed together at om*. point, so that at this point the cahuidering 
is changed from one side of the paper to the other, thus permitting the operation to lx( 
completed at one passage. 

After calendering, the papier is remly for tlie market. Its surfatie is smooth, but 
not' necessarily glossy. For some jmrpo ses a distinct gloss is required on the surface 
of art paper, a greater gloss, that is, than can be obtained by means of the calender 
rolls. To secure tlus desired finish the coat'Od surface is brushed and polislud with 
finely divided French chalk.' The brushing machines use<l for this purpose w'ere 
before tho war obtained largely, if not cxclusivoly, from Germany. There is now, 
lu>wcvcr, n«) need for papermakers to go abroad for these machines, as they arc 
being made to-<lay by at least two English firms, of which one is the Glossop Iron¬ 
works Company, Limited, of SuiToy Street, Glossop. , 

'I’ho first machine of this type made at these w<itks is illustrated in Figs. 126 and 
127. This machine is capable of taking in })aper up to 40^ in. wide and finishing its 
surface at one passage. The sf»ced of the paper is 66 ft. per minute, so that at its full 
width the machine has an output per hour of 2641) shc'cts, measuring 20 in. by 30in., 
or 6'3 reams of .600 shc'ets each. The machine as shown in Fig. 127 consists of an 
open cast iron frame carrying rccl-off brackets at the right-hand end, reel-up brackets 
at the left, three rbllcr-like brushes on top, and a chalk distributing box parallel 
with jihe brushes. The rccl-off spindle is not driven by power, and is braked ns usual. 

> lfrt»ncli chalk is a variety of stootite or soapstone^ and is chemically a hydrated titiicato of mag- 
neaium. 
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The reel-up spindle is driven by belt through a slipping friction clutch, which enables 
the linear speed of the paper to be kept constant as the reel grows in size. 

The paper leaving the reel-off passes in succession under each of the throe brushes, 
being held up to the lower half circumfon^ncc thereof by tluee groups of four small 
rollers. These rollers are carried in slidable bearings, so that they may be adjusted 
radially relatively to the associated brush. This adjustment (>ermits of wear on the 
bristles being compensated, and of the correct amount of pressure of the pap<‘r against 
the bristles being obtained to suit specific retpiirements. The roller ends on both 
sides in each group are embraced by a cam-slottcid sector plate pivoted on the associ¬ 
ated brush spindle. The radial adjustment of tlie rollers is offectiHl by a jiartial 
rotation of these seetor plates through the intermi'diary of a hand wheel and worm 
shaft. The two sector plates of each i-oller grouj) are arranged to be wljusted siniul- 



Km. 126.—Jlnwliiiig Machine liloM'op Imnworka. 


tancously by coimccting the hand wheel shaft through luitn's ami a cross shaft to a 
corresponduig worm shaft on the opposite side. 

The main driving shaft is situated mmr the floor level, dinwjtly licneath the centre 
brush. On the near end—Fig. 126 —this shaft carries a small belt pulley from which 
power is taken to the friction clutch pulley of the reel-up device. On the far side the 
main shaft carries a fast and a kM)Be pulley and a group of three fast and flanged 
pulleys. From the latter the brushes are driven by three separate belts. It will be 
noticed that the brushes revolve so that the bristles touching the paper move in the 
same direction as the paper. The peripheral sjieed of the bristle tips is, however. 28 'J 
times as great as the linear speed of the paper. * 

In view of the weakness of some art papers it is not desirable that the pajjcr shoubl 
bo pulled through this machine solely by m(«nB of the power-driven reel-up spindle, 
even although some assistance may be counterl upon fr?m the brushes. It is,found 
necessarj' to drive all the twelve rollers holding the paper in conta<d with the brushes. 
For this purpose power is taken from a countershaft driven by gearing from the main 
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shaft. Each end of the countershaft carries a sprocket wheel. From each of these 
wheels an endless chain is led nound in turn a similar sprocket wheel on the oorrespond- 
uig ends of all the twelve rollers. I'hese two chains have to be kept taut, however the 
ra^l positions of the twelve roDers may be adjusted. This is achieved automatirally 
by leading each chain over a small pulley journalled to the end of one arm of a weighted 
bell-crank lever. Between the brushes, on the top of the frame, there an* for each 
chain two similar pulleys. These can be adjusted by hand and serve to take up any 
slack in the chain caused by its stretching. 

To ensure a uniformity of finish the second and third brushes are provided with a 
small range reciprocating motion parallel with their shafts. Power for this ptirpose is 
taken from the sprocket wheel countershaft through an exceutric which is coupled to 
an arm on a shaft journalled vertically outside the franung. A cross arm fix«d to tlie 
top of this shaft is engag(d with the ends of the two brush spindles through the agencj’ 
of a race in the well-known way. 

The chalk box is maile of hard wood sides ami ends, the bottom being a sheet of fine 
gauze. A tin shoot fixed beneath the gauze bottom leads the chalk down and forward 
on to the paper, the point of discharge l)eing along the line of the paper as it passt's 
over the first of the twelv'e guide rollers. On one end of tlus same roller a ratchet 
wheel is fixed. This actuates through an arm a shafl. extending across the front of the 
chalk box. This shaft is provided at the other end until a suitable spring, and at the 
mid-point carries a hammer which strikes the cluilk box thri'e times in each revolution 
of the guide roller, so assisting the chalk to pass through the gauze. A small power- 
driven reciprocating brush engages the chalk as soon as it leaves the lip of the tin 
shoot. 

'I'lie material in the brushes is pure wUd boar bristle derived from Russian, Indian, 
and Chinese sources, and carefully blended to give the required stiffness. The driving 
of the whole machine absorbs some eight horse-power. The main driving belt can 
be shifted from the fast to the loose pulley at any one of three ])oints. For tliis purpose 
a handle, to be })nlled, is providinl at the front side of the machine beneath the central 
brush, and a liandle, to be turned, at each end close to the winding off and winding 
on reels. 

A very similar paper brushing machine is also being made now' by Mather and Platt. 
Limited. Although the designs are nut identical, we need nut describe the Manchester 
made machine, for there is only one point in it which can be regarded as showing an 
essential difference. We notice tliat it is the practice of this firm to arrange the first 
and second roller brushes to be reciprocated instead of the second and third as in the 
Glossop machine. It is interesting to note that, like the GIossop Ironworks, Mather 
and Platt, limited, did not make machines of this class before the outbreak of the war. 
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THE C’OATIXCI (.)F I’HOTOHRAPHIC PAPER 


A sKCOTii) bratutli of our mibjcot is to bo found in the production of photographic print¬ 
ing )>a])(Ts, In itself this is a very important 1>raiich and in c<irtain respects is typical 
of some other branclies, such as th<‘ prcKhiction of gntu paper. Into the choniistry of 
pliotograjjhic papers wo do not jiropose here to enter. It is higldy eomplux and varies 
greatly from ])ajM‘.r to jiajjer. In general sensitisivl photographic printing paper is 
j)ap‘r one si<le of vhich has Iwn <'oated witli a salt of silver - usually either the 
chloride or the bromidi-—held in suspension in an emulsion of albumen or gelatine. 
Fonncrly, and still in thc! preparation of idbiimeti paper, the paper was first coated 
with an emulsion of albumen mixed with chhuide of ammonia. Thereafter it w'as 
(hsdiHl in a bath of silver nitrate. Tlu‘ nitrat<- interacting with thc chloride produce<l 
witliin the albumen thc rxHiuisito silver chloride. At jwesent most jdiotographic papers 
are made with gelatine iiist(‘atl of albumen. In this case* the paper is coated straight 
away wit h an enudsion of gelatine containing the sUvt'r chloiitle or bromide. 

The (juality of t he jiaper used is of givat importance. I'hc natuiD of its surface, 
iwigh or smooth, may be chosen to suit different tastes, but wiiatevcr its surface the 
paper must chemically be as pun* as possible. It should contain no free bleach, and 
sliould be unsi/.(Hl. tht' reason being, of course, that if any foreign chemicals arc 
present in it risk is run of these, chemicals reacting with ami reducing the silver salts. 
In paiiieular. there must, he no non or any iron salt in it, for this would at once reduce 
tlio silver salts and cause staining or spotting. This is a point of great iini>ortanco to 
the (‘iigiiieer mijiplyiug the paper coating plant. It moans, firstly, that no part of the 
]>laid. with which tiie paper eomes into direct contact may be made of iron. Woo<l, 
copper, ebonite, bit, and other materials must be used instetul. Secondly, it is to be 
notioeil that it is next to impossible to guarantee that any paper as received from the 
mill sliall he fiw from every trace of iron. The merest speck of it will cause a spot on 
tho sensitised j)a}K*r, and if sucli spots are frciqueut a whole reel of paper with its 
valuable silver coating may Im ruined. Tluit specks of iron may very reotlily be 
]»resent in thc raw paper is obvious, when we recall the fact that tho pulp is prepoi'ed 
in beaters, the blades or knives of w'hich are as often of steel as of bronze, and that the 
w'ear On these blades is very considerable. The ground-off iron particles go into the 
pidp and |>ass into the ffuished paper. 

It is essi'iitial, therefore, in order to guarantee freedom from iron stains and spots 
that the paper befoiv being coated with thc Sonsitiswl emulsion should be treated 
w'itl) san»e substance which will impiosc a neutral “ blanket ” between tho iron particles 
and thc silver salts. The substance adopted, so far as wc know, universally, is baryta, 
that is to say, bari im sulphate. This undcr-coating acts not only as a “ blanket ” 
but has thc function of ini^a'oving tho surface of the paper, and renders its coating 
w'ith the sensitised 'emulsion easier. As barium sulphate also finds employment as a 
pigment under tlie name “ permanent white,” it will be gathered that this preliminary 
coating has a further value, namely, in making good any dofioienoy in the bleaching 
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of the paper pulp.» It may be added that if the finished paper w to be tinted the 
colouring matter is put into the baryta coating solution. 

Itere is a great amount of secrecy observed by photograpMc paper manufacturers 
regaling the methods followed in their works. But, so for as we can learn, they 
usually buy their paper already coated with baryta. The baryta coating operation 
IS a very delicate one. Hence comes the reason for its being left to specialists. On the 
other hand, it can be gathered that the baryta coating process is not a uniform one 
for all classes of paper, and has to be effected with due regard to the composition of the 
sensitised emulsion to be borne by the paper. Hence there is a distinot reason why 
the two processes should bo conducted under the one roof. 

Into the construction ond working of the machines and plant emjdoywl for baryta 
coating we need not go. for the subject is covert'd by our description of art paper 
coating appliances. There is no ('sseutial differeuee whatever between the two classes, 
except in so far as the use of wotsl, coppt'r, ebonite. &c., instead of iron, is essential 
in all parts of the baryta jilant with which the paper actually comes into contact. 
As regards the niacliiiieiy emjjloyt'd to apply the gelatine or other stuisitistsl emulsion, 
matters arc different. Wliile the same care must be taken to avoirl contact with iron, 
the machines used bear little rest'iublaiu’c to those employed for coating art paper. 
Wc are in a posithiii to deserilie and iliiistrale two typical “ gehitine coat ing luuehiues.” 

The first is the prcNluct of JlathiT and Platt, limited, and is illustratwl diagram- 
matically in Fig. 128. and in full detail in tlio engiwing in J’late VI. This maeliinc 
can take in and coat iwls of paper uji to 
41 in. wide. Referring to the diagiam, 
we have on the rigid a woodi'ii winding 
oil spindle with an iron eeiitre. From 
tliis the web of pajs'r is It'd round two 
small and one large wooilen draw drums, 
and from these jiasses round a pair of 
wooden guide rolh'rs to a supporting 
roller of ebonite. Thereafter it is taken 
over a copper cooling cylinder, off which 
it is piillis.! by a travelling felt with a 
suction box beneath a portion of its 
length. Leaving the felt it is reatly to 
be dried in a festooning apparatus. At 
the ebonite supporting roller the paper 
comes into contact uith a coating roller, 
also of ebonite, which picks up the emul¬ 
sion from a water-heated bath and con¬ 
veys it to the surface of the paper. It 
will be noticed that tlio side thus coatext 
is the underside of the paper as it leave's the reel. The main driving shaft for the 
whole macliinc is situated in line with and just below the highest of the throe felt 
blanket rollers. , 

Details regarding the driving and the adjustment of the different parts of the 
machine will be gathereel from the large engraving. The winding off spindle, following 
the usual practice, is not positively driven. The paper is quite strong enongh to 
withstand the pull necessary to keep the reel rotating. A friction drum brakb con- 

1 The best photogrnpliie printing papen are prepared on paper which has not been bleached by ohemi- 
calH. In such cases the baryta troatment is particularly necessary in order to got a good colour. 



Ta» Cac’Nit*' 

Fia. 128.—Ovlaliiu! Coating Machine. 
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trolled from the front of the machine ie geared to tho grinding off spindle, and provides 
a means of checking the speed should the reel tend to overrun the rest of the maohine. 
One of the journals carrying the spindle is permanently Axed to its bracket. The 
other can be adjusted on its bracket through a short range on each side of its geometri¬ 
cally parallel position. To permit this slight movement to be made without binding 
the spindle in its bearings the journal bushes into which the spindle is dropped are 
spherical on the outside. The object of this adjustment is to permit the rectification 
of the reel should the spindle in use be slightly bent or inaccurately made. There is 
practically no tendency with a good reel for the spindle to run over to one side or the 
other. Even if there were, the arrangement adopted for dealing with a reel that has 
been badly “ telesoopetl ” would chtick this tendency. If a reel is “ telescoped ” at all 
seriously, it is necessary to adjust the crosswise position of the spindle progressively 
as the unwinding proceeds. For this purpose the spindle at the brake drum end is 
provided with a circular rack uhich meshes with a pinion on a regulating rod running 
to the front of tho machine. A spring is shown surrounding the end of this rod. This 
spring increases the friction which has to be overcome before tho rod can be turned, and 
thereby helps to check any tendency of the reel spindle to run to one side or the other. 

The three wooden draw drums are covered with felt to increase their grip on the 
paper. The larger drum only is rotatt'd by direct means. It is driven by belt through 
a coned pulley on its spindle «‘nd from a corresponding coned pullej' overhead. By 
regulating the position of the belt on the cones the operator can vary the speed of tho 
drum slightly, and so obtain the requisite “ draw ” on the pjiper. 

Neither of the two wooden leading rolls round which the paper next passes is driven 
jmsitively. A similar remark applies to the cbonitio supporting roller. The ebonite 
coating roller, however, is driven by belt and a pair of four stepped puDeys from the 
end of the main driving shaft. The quantity of emulsion picketl up by the coating 
roller varies with the s})cod. increasing, we believe, as the speed is raised. The speed 
adopted and the pressure with which tho coating roller is citused to bear against the 
supi)orting roller directly affect the thickness of the coatmg given to tho paper. The 
s<*oond wofxlen giude roller, the supporting roller, and the coating roller are tawrie*! in 
journals on one pair of brackets. The pressure between the two ebonite roUers is 
adjusted by means of screws bearing against the coating roller journals, which journals 
are slidable on the brackets. 

It is found that the angle at which the paper passes up from the ebonite rollers to 
the cooling cylinder, and the exact distance covered in this passage, greatly affect 
the resultant coating. This is clearly to bo explained by the influence which these two 
conditions exorcise on the draining back of the emulsion off the jiaper while it is rising 
up to the c(M)ling cylinder. Means are therefore provided both for varying the distance 
and the angle referred to. For tliis purpose the two brackets carrying the ebonite rolls 
and the guide roller are mounted so as to be horizontally adjustabl# on two arms or 
knees projecting from tlie main frames of the machine. These knees are themsclvos 
adjustable vertically in unison, the adjusting means consisting of a geared hand wheel, 
a chain drive to a horizontal cross shaft near the floor level, and a pair of vertical 
screwed shafts connected through jnitres with the horizontal shaft. The first of the 
two wooden guide rollers is mounted in bearings carried on the knees and partakes of 
the vertical adjustment. • 

The emulsion bath has .to be kept warm, so that the gelatine may not solidify. It is 
fixed “aoross a water box heated by moans of steam flowing through a copper coil 
within it. The depth of immersion of the coating roller in the emulsion has to be 
variable to suit requirements. The water box carrjdng the emulsion bath is therefore 
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provided wth means whereby its vortieal position can be varied. These same means 
^80 permt of the water box and emulsion bath being lowered weU away from beneath 
the coating roller as is convenient when the paper is being led through the machine at 
the commencement of a run. The adjustment is effected through a hand wheel on the 
end of a cross shaft which carries a pair of pinions. These pinions mesh with racks 
formed on the side of two circular bars depending from the bottom of the water box. 
Guidefl for these bars are provided in tho shape of sleeves wliich embrace thorn except 
for a gap within which tho pinions are situated; Tho sleeves referrwl to are formed 
in one with members depending from the brackets carrying the ebonite rollers. Tlius 
the w'ater box and the emidsion trough, while separately adjustable up and down, 
partake of any horizontal or verticol adjustment of the coating roller brackets. Tho 
hand wheel shaft is, of course, journalled to tlie dejx'uding sleeve members. To 
prevent the weight of the wate-r box rotating the hand wheel shaft backwards, it is 
provided close to the hand whei'l with ratchet gear. VVitli this a pawl juvoted on a 
seconrl dependence from the c wting roller bracket engages. 

In passing over the copper cooling cylinder tlie gelatine of the emulsion is "set.” 
Tn hot climates ice boxes have to be addcnl to secnix' tliis setting, oi'. alternatively, the 
whole coating room has to be cooled by refrigeration. Ordinarily, lu)wevcr, tho 
circulation of cold water through the cooling cylimb'r is suiliciont, TIu' water is led 
into and out of the (iylinder throiigb the trunnions. The cvlimler is driven by belt. 
The suction box is a hollow easting, the mouth of which is coveivd by a perforated 
phtUt and the interior of whieli is in coinuninieatitm with an exhaust fan. The felt 
blanket passes over the jX'rforatwl ])late. TJie lowest of 1 lu! tliw felt rollers is mounted 
on seixuv slides fi.xwl to tho en(i.» of tho suction box and by it the tension in tlie blanket 
may bo adjusted. Tho highest felt roller is eanied on a sliaft diroetly above and 
connected by gearing to the main driving shaft. At one end of tlie shaft carrying this 
felt roller we liavc the coned imlloy which drives tlw^ large woorlen draw drum below, 
and at the other the belt pulley whicli drivers the cooling cylinder. Tiro tliird felt roller 
is adjustable vertically ami horizontally to take up slack. 

Leaving the topmast point of the felt blanket, tlie coated paper pusses up to a 
power-drivon wooden drum laggwl with felt, from which it iiasses off into a festooning 
machine, where its drying is completed. 

This machine coats paper at the rate of 2 (t ft. per rainuto. 
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THK (iOATIXd OF PHOTOGRAPHIC PAPER (conthmed) 


In till' matiliiiic (U‘scril)»«l in our previous cliii}>ler. it. is to be obseiTecl. the paper is 
not (lipped diii'clly into the sensitised emulsion. The emulsion is lifted from the batli 
and traush.rred to llu* pa])er by a eoaliiiK I’oller. We understand. howev(»r, tliat the 
nuuddne can remlily be altered to the direct dip]>ing metluKl, a system of eoating 
which is favoured by some manufacturers of phot igra[>hic paper. 

\ gelatine emidsion (toating machine <‘xpressly designed to work on the direct 
dipping system is illus1.rat(‘d in l‘’ig. 12!). This nuiehine rejuvsents th<» standardised 
design of Masson. S(!ot1 and Co.. Jdmit(‘d. Kulham, S.W. Thei-eel of pajter to be coaled 
is moiinled on the spindle A at the l)ack of the machine. 'J’he right-luvud bearing for 
this S]iindl(^ can retail! abiud. a vertiiial axis. The left-liand bearing is carrit'd on a 
sen’W slide, so that, this end of tlui spindle can be moved away from or towards the 
frame stsindaid. so )>ermitting any exiioutrioity of the spiudh* relatively to the reel 
to be corrected. 'I’his iwljustnu'nt can be elleiited from the front of the machine by 
means of the hand wheel 11. A collar and nut or iV race—^not shown in the engraving— 
on the left-hand end of the .sjnndle eugagi's with a fork (', which can be moved on a 
screw carried by the b(>aring and parallel with the sjiindhi itself. The adjustment 
of the fork C is effected by means of the hand wheel 1). and (iiuvbles any tidescojnng 
of the paper in the reel to bi* com|iensated. These two adjustments are reipiired. 
because it is essential in (»rder to secure an even coating that the paper should yiass 
thri'iigh the maiihiiU! at an even tension. 

'Pile pap('r from the reel is led round t.wo brass tensioning rolls 12 and round a Ihinl 
and larger one F of wood. Coming over the toj) of the latter, it is passed down and 
round under a composite woikI and brass dipping roller G. Tn so doing it dips lightly 
into the sensitised gelatine emulsion carried in a tray H directly beneath the dipjnng 
roller. This tray is of copper, silver-plated inside, and provided with a copper jacket, 
tlu’ough whi4!h steam or hot water is circulated to kwp gelatine liquid. 'I’he vertical 
position of the tray can b:) delicately varied by means of the hand whoed J. The 
coated papiw is next led over a copper cooling drum K, through which cold water 
is cireulak'd. so that the coating may become “ set.” The bracket It carries a heated 
reserv'oir which supplies the tray H with prepared emulsion. The tensioning roller F. 
the dipping roller G, and the cooling drum K are driven by a belt, for which a jockey 
pidley M is provided. The main drive is transmitted through a fast and loose belt 
j)ulley on the end of the cooling drqm. 

The means employed to dry coated sensitised photographic paptw do not differ 
in principle from those .used to dry coated art ]>aper. As ah'eady indicated, these 
means consist of a festtguiing plant. We Ulnstrate in Pigs. 130 and 131 two actual 
examples of such festooning plant for gelatine papers, the first being an example taken 
from the practice of Masson, Scott and Co., Limited, and the second a plant designed 
and erected by Mather and Platt, Limited. 
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Fi<!. 1.11.—Lav-out of a Photographic Paper Coating Plant—Mather and Pl.att. 
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The (‘xnmplo by MewsrH. MaHBon, Scott—^Fig. 130—is a small installation having a 
longHt of 80 ft. or so on the trackway, excluding the uptake, turntable, and downtake. 
It includes a coating machine of the type illustrated in Fig. 129. There are few points 
connected with it which need be mentioiu'd after tlie descriptions of art paper festoon¬ 
ing plants given in the i>revious chapters. It is [whaps worth w'hile calling attention 
<0 the fact that the [)aper betwee-n the coating machine and the beginning of the over- 
heiul trackway is not in this instance supported on a vacuum felt band arrangement 
but is «!arried on two power-driven dniius, one of which is fixed between the uptake 
rails. The uptake chains are <lriveii from their highest point and the downtake chains 
from their lowest point. I’he pitch of the sticks on the trackway is 13 in. throughout, 
so that only one pair 4)f trackway chains is required. These chains are driven from 
the downtake ends. The outer eliaiii <(f the turntable is driven in the usual way by 


a separate countershaft. 

The example by Mather and Platt. Limited—Fig. 131—is considerably bigger than 


the preewling one. Its trackway is in four 



* r nciN«. 


lengths, aggregating 500 ft. The coating 
machine employwl is of the tyfx? illus¬ 
trated in our previous chapter. The track¬ 
way is in three sections, namely, from D 
to E. from E to F, and from F to (}. 
The featur(‘ of the arrangement lies in 
the fact that each of these sesetions makes 
use of only ones chain instead of two, as 
is usual. The plan followc<l will be undcr- 
st<MH.l from Fig. 132, wherein we have 
shown in full lines the working portions 
of the tlu’ee chains, and in dotted lines 
the return or idle imrtions. It may be 


Ki.i. 132.-I)iagmm of (M.iuu Ariaiij-cnuiit. remarked that a single endless chain per 

section of trackway need not have a 


greater length than the combined lengths of two endless chains. The advantage 
of using a singh' tdiain lies chiefly in the attainment of even wear. If two separate 
chains are usisl one is led round the pulley of the turntable and is therefore 
passed from one stretch of the trackway to the next, by being bent through two 
right angles. I'he other chain has to be led down to the floor level and up 
again, and is therefore between the two stretches of trackway bent through four 
right angles. This chain may be expected to wear more rapidly than the former. 
By using a single endless chain each link is led in turn round every pulley in the sec¬ 
tion, and is therefore subjected to an equal wearing action. The division of the 
trackway into three sections not only permits the pitch and speed of travel of the 
festmms to be varied from si'Ction to section, but also makes it possible to work the 
trackway with correspondingly rediunxl stresses in the driving and trackway chains. 
As a matter of fact, in this installation the pitch and the speed on the second section 
are equal to tho pitch and speed of the third, the break being made simply to provide 
a thiril drivmg point and to avoid the use of an exceptionally long trackway chain. 
On tho first section the sticks are pitched at approximately 17 in. and the speed of 
the chain is about 17 ft. per minute. On the second and third sections the pitch is 
reduced to 12 in. and thpspeed to 1‘2 ft. per minute. It is possible, we understand, 
to run all three sections at 17 in. pitch and 1’7 ft. per minute. 

The liorse-power alworbod by the plant illustrated in Fig. 131 is about 4J. being 
one horse-power for the coating machine. 2J for the reeling machine, and one for the 
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trackway drive. As shown in the engraving, the whole plant is operated from a motor- 
driven countershaft situated at the top end of the room. Two ventilating fans are 
provided in the wall to conduct the hot vitiated air to the outside. These fans are 
driven by a six horse-power motor. 



Fio. 133.—Turntable and Duwulake—M<uher and Plutt. 


In Fig. 133 we give a view of the plant after erection. This shows the second turn¬ 
table, the steam pipes below the traokway, and other details. Two other views of the 
same plant will be found on pages 170 and 171. I’he first of those shows the coating 
machine and the uptake end of the trackway. The second iUustrates the downtake 
end of the trackway and the reeling machine. 
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Tub-Sizing Miuihiiio, 111 

Cmpukbston Ib'ater, 38 

VAOtuiM Boxes, 70 
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Vibniniotor Strainer, 103 
Voniiting lloilerH, 13, 14 

Wa8H1.No (ukI Breaking Knginm, 17. 18 
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Watford Kngine<-ring WorkK, Lid.: 
Diekenson Strainer, 108 


I Watford Engineering Works, Ltd :— 
Vibroinotor Strainer, 103 
Wandol Strainer, 101 
Watford Pulpor, 81 
We«t End Engine Works Co.:— 

Air ]>ying Manhine for Tub-Sized Papers, 114' 
Calender, Three-Roll, 120 
Sizing Machine, 111 
Slitting and Winding Machine, 127 
Square Cutter, 131 
Super-Calender, Ten-Roll, 124 
Wet End Arrangement, 82 
Wet End Frames, 81 
White's Driving tioar for Fourdriniers, 57 
White’s Oscillating Strainer, 08 
Willow aiul Duster, 0 
Willow, Double DnunnictI, 11 
! Winding Machine, 127 
I Wire Cloth, Fomdrinier, 78 
Wire ti Hides, 84 
Wotal Chopping Machine, 130 
M'ood Pulp, 4, 133 
Wootl Pulp, Chemical, 134, 141 
Mechanical, 134, 141 
(Vine Breaker for, 10 
Digesters, 1'37 

Wood Pulp Digesters, Preston’s lAning for, 138 
I Wood Pulp Drying Machine, 140 


WILLIAM BKIKDON AND SON, ritINTRlIS, rLVMOVTB. 



Etstm CONSTABLES LIST 


‘riHS Manufacture of Paper. By R. W. Sindaui., F.C.S. Ex. Cr. 8vo. 

Illustrated. 8r. 6</. net. (The'^lVestminster Series). 

Contents. —Preface. List of Illustrations. Historical Notice. Cellulose and Paper-making 
Fibres. The Manufacture of Paper from Rat^s, Esparto and Straw. Wootl Pulp and Wood Pulp 
Papers. Brown Papers and Boards. .SpeciM kinds of P-aper. Chemicals used in Pape^m.aking. The 
Process of “Beating." The Dyeing and Colouring of I’aper Pulp. Paper Mill Machinery. The 
Deterioration of Paper. Bibliography. Index. 

Wood Pulp. By Charles- F. Cross, B.Sc., F.I.C. ; E. J. Bevan, 

F.I.C., and R. W. Sindali., F.C.S. Second Edition, revised. 8s. 6<f. net. {The 
IVestminster Series). 

Contents.— The Structiir.-il ICiements of Wooil. crellulose as a Chemical. Sources of Supply. 
Mechanical Wood Pulp. Chemical Wood Pulp. The Bleaching of Wood Pulp. News and Printings 
Wood Pulp Boards. Utilisation of Wood Waste. Testing of Wood I’ulp for Moistun?. Wood Pulp 
and the Textile Industries. Bibliugr.iphy. lnde.\. 

The Manufacture of Leather. By Much Garner Bennett, M.Sc., 

F.C.S. Demy 8vo. Illustrated. iSx. net. 

Glass Manufacture. By Walter Kusenhain, F.R.S. Second Edition, 

revi.sed. Demy 8vo. Illustrated. I2.v, 6r/. net. {The Wesiminsler Series). 

The Chemistry of the Oil Industries. By J. E. South(X)mbe, M.Sc., 

F.C.S. Demy 8vo. Illustrated. 8r. f>d. net. 

Linseed Oil and other Seed Oils. By William D. Ennis, M.E. 

M.Am.Soc.M.E. Medium 8vo. Illu.stratea. itxr.net. 

The Production and Treatment of Vegetable Oils. By T. W. 

Chai.mers, B.Sc., .^.M.l.Mech.E. {The Engineer Series). Crown 4to. Illus¬ 
trated. 21S. net. Includiiifr chapters on the Relining; of Oils, Hydrogenation of 
Oils, Generation of Hydrogen, Soap Making, Recovery and Refining of Glycerine, 
and the Splitting of Oils. 

Cotton Seed Products. By Lerbert Lloyd Lam born. Demy 8vo, 

Illustrstted. i6r. net. 

A Manual of the Treatment of Cotton Seed for its Products and their Utilisation 
in the Arts. 

Agglutinants and Adhesives of all kinds for all purposes. By 

H. C. Standage. Demy 8vo. 6 s. net. 

The Nitrocellulose Industry. By Edward Chauncey Warden, Ph.C., 

M.A., F.C.S. 2 Vols. Illustrated. 451-. net. 

A compendium of the history, chemistry, manufacture, commercial application and 
analysis of nitrates, acetates and xanthates of cellulose as applied to the peaceful 
arts, with a chapter on gun cotton, smokeless powder and explosive cellulose 
nitrates. 

Please write for our List of TECHNICAL and SCIENTIFIC BOOKS. 


CONSTABLESs CO. LTD. \o-12OrangeSt.^LeicesterSq.,London^W.C.z 









